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Abstract 
Ventricular hypertrophy is a necessary adaptation in response to increased resistance to blood 
flow observed in hypertension. The Hypertrophic Heart Rat (HHR) develops primary cardiac 
hypertrophy in the absence of hypertension. Apoptosis and early exit of cardiomyocytes from 
the cell cycle during foetal life is believed to be responsible for fewer cells at the time of birth 
in HHR with consequential compensatory hypertrophy during adulthood. Moreover, 
expression of genes in pathways associated with cardiac hypertrophy are modulated by 
microRNAs. Altered levels of these microRNAs can serve as cardiac biomarkers. The study 
explores and analyses the role of novel microRNAs in neonatal HHRs. Cardiac weight studies 
revealed 2-days old HHRs have cardiac hypertrophy with increased expression of genetic 
markers of cardiac hypertrophy. A microRNA microarray analysis followed by RT-PCR validation 
identified three microRNAs with altered expression in the neonatal heart tissue; miR-34a, miR-
351, miR-490*. Bioinformatics predictions analysis revealed potential target genes for the 
microRNAs along with several cellular pathways and biological processes the genes are 
involved in. A second microarray analysis followed by prediction analysis and RT-PCR 
confirmation revealed four genes that are potentially regulated by our candidate microRNAs; 
HTR2A, SGPP1, GANC and ITGA7. To affirm the probable microRNA-target gene interaction, 
H9C2-1 myoblasts were transfected with microRNA mimics and inhibitors. Expression of HTR2A 
was significantly down-regulated in cells treated with miR-34a mimic. In conclusion, this study 
is the first to identify novel cardiac microRNAs and role of their potential target genes in 2-days 
old HHRs. In addition, miR-34a has promising potential to augment expression of HTR2A, which 
is a novel finding that requires further validation. Lastly, 2-days old HHRs exhibited cardiac 
hypertrophy, these results are unexpected and warrant further investigation.  
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Chapter-1: An Introduction to the study 
1.1 Cardiac hypertrophy 
Cardiac Hypertrophy is a compensatory increase in cardiac cell mass, which results in fatal 
cardiovascular events such as heart failure, myocardial infarction and arrhythmias (Levy et al., 
1990; Ghali, Liao, & Cooper, 1998). The Framingham Heart Study showed left ventricle 
hypertrophy as the most important cardiovascular risk factor after age (Levy et al., 1990). The 
incidence of heart failure increases with age, essentially due to hypertension and coronary 
heart disease that is associated with left ventricular hypertrophy (Kannel & Belanger, 1991). 
Left ventricular hypertrophy is a consequence of hypertension, which is an increase in blood 
pressure above the normal range and is broadly classified as primary and secondary (Beevers, 
Lip, & O'Brien, 2001). Primary hypertension has no clear aetiology, the condition develops due 
to faults in the physiological mechanisms involved in maintaining a normal blood pressure such 
as the renin-angiotensin system, neuronal and vascular regulators, and external factors such 
as obesity and increased salt intake (Beevers, Lip, & O'Brien, 2001). Conversely, secondary 
hypertension is most commonly linked to renal, endocrine, drug induced, neurological, 
cardiovascular or stress related causes (Chiong et al., 2008). 
We have known about the major impact hypertension has on the health of the Australian 
population for some time now. Statistics published by the Australian Bureau of Statistics (ABS) 
in 2014-15 showed that 2.6 million people in Australia had hypertension, which was nearly 
11.3% of the total population at that time (ABS; National Health Survey: Health Service Usage 
and Health Related Actions, 2014-15). The rate, severity and magnitude of the hypertension 
burden of disease is escalating, with earlier statistics issued in March 2013 indicating an 
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alarming increase to 31.6% of Australians diagnosed with hypertension (ABS; Australian Health 
Survey: Health Service Usage and Health Related Actions, 2011-12). 
There are some distinct features between physiological and pathological cardiac hypertrophy. 
The hallmarks of pathological hypertrophy include increased cardiomyocyte apoptosis and 
necrosis, type I collagen deposition, up-regulation of foetal gene expression, down-regulation 
of genes encoding contractile protein and decreased fatty acid oxidation with enhanced 
glucose metabolism to generate ATP (Bernardo et al., 2010). In contrast, physiological 
hypertrophy is characterised by regular cardiac function and gene expression accompanied 
with proportionate myocardial adaptation (Bernardo et al., 2010). 
1.2 An old rat model of hypertension and cardiac hypertrophy 
Medical research into hypertension is increasingly focused on translational outcomes and 
human wellbeing. Therefore, it is essential that the scientific data collected correlates as 
closely as possible to human physiology and pathology. An obvious ethical dilemma arises in 
disease states with high mortality such as hypertension with an onus on health care workers 
to treat rather than study disease course. Animal models arise to minimise the harmful effects 
of research on the human subject, to facilitate development and maintenance of trust between 
the investigator and human participant and to uphold the dignity of consenting individuals 
(Kapp, 2006). Rat models have several advantages over large primates; the anatomy and 
physiology has been widely studied and aligns quite well with humans, breeding and housing 
costs are relatively low, the small animal is easy to handle due to its docile nature and the 
entire rat genome was sequenced in 2004 (Gibbs et al., 2004). More so, complete sequencing 
of the genome allows gene comparison across various species using bioinformatics and has 
identified new target genes for further analysis (Dwinell, Lazar, & Geurts, 2011). For studying 
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hypertension and other cardiovascular diseases, the Spontaneously Hypertensive Rat (SHR) has 
been extensively used since 1974 (Sen et al., 1974). Cardiac hypertrophy associated with 
hypertension and the role renin-angiotensin-aldosterone system (RAAS) plays in regulating 
hemodynamic was first studied in detail using the SHR model (Sen et al., 1974). It has also been 
useful in understanding the role of RAAS in accordance with diabetes and associated vascular 
complications (Estato et al., 2013). 
1.3 The hypertrophic heart rat 
The Hypertrophic Heart Rat (HHR) is a more recent animal model of cardiac hypertrophy in the 
absence of hypertension (Harrap et al., 2002). The HHR and the control, Normal Heart Rat 
(NHR) were derived by cross breeding SHR with the standard laboratory rat F344 (Table 1.1).  
 
Table 1.1: Developing the HHR 
The SHRs used were not hypertensive. F344 rats were mated with SHR with hypertrophy to produce the HHR. SHR 
without a hypertrophic heart were used to produce the NHR control strain. The mating was repeated over many 
generations before physical and genomic attributes were characterised. 
The breeding has been successful in capturing genes linked to cardiac hypertrophy in the 
absence of hypertension (Harrap et al., 2002). A number of genes potentially associated with 
cardiac hypertrophy were also demonstrated to have a fold change following microarray 
analysis (Dwyer et al., 2008). The body-weight of the HHR is reduced compared to the NHR of 
corresponding age whereas the cardiac-weight is greater, resulting in a greater cardiac mass 
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to body-weight ratio (Harrap et al., 2002, Marques et al., 2016). In addition, the 
cardiomyocytes in mature HHRs are longer, wider and more branched (Fig 1.1). However, it 
was demonstrated that neonatal HHRs that are 2-days of age have less numbers of cardiac 
cells compared to the NHR at birth followed by lifetime compensatory hypertrophy with 
apoptosis and decreased cell proliferation as the suggested initial aetiology (Porrello et al., 
2009). Fig 1.2 illustrates these findings by Porrello et al (2009). 
 
Fig 1.1: Gross and microscopic differences between the HHR and NHR (Harrap et al., 2002). 
The histological illustration shows cross sections of heart ventricles of the HHR and NHR. Cardiac hypertrophy is 
clearly visible in the left ventricle of the HHR, which also has decreased ventricular volume. The increase in wall 
thickness is due to expression of inherited genes and not pressure-volume overload (Harrap et al., 2002). The 
cardiomyocytes of the HHRs at 14 weeks of age are longer, wider and more branched compared to NHRs of 
corresponding age. These changes are characteristic of hypertrophy, as more contractile elements are required 
to cope with the stress. 
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Fig 1.2: Role of microRNAs in the proposed aetiology of cardiac hypertrophy in HHRs. 
Novel microRNAs may potentially be regulating cellular processes including apoptosis and cellular differentiation 
of cardiomyocytes during cardiogenesis with consequential compensatory hypertrophy in the absence of a 
hypertrophic stimulus. 
The HHR is an ideal model to study cardiac hypertrophy because the heart is not under stress 
by hypertension, neuronal stimulation and vascular stenosis unlike other models being 
currently used such as the SHR, mice with transverse aortic constriction (TAC) and 
phenylephrine or angiotensin-II induced cardiac hypertrophy (Sen et al., 1974; Rockman et al., 
1991; Yue et al., 2000). Moreover, numerous clinical studies involving twins and families have 
given evidence that heritable genes have a role in determining heart size (Mayosi, 2002). Thus, 
many genes expressed in cardiac hypertrophy in the presence of a pressure-overload, such as 
that seen during hypertension, should likely not be induced in the HHR during postnatal cardiac 
growth and development, thus proving helpful in elucidating inherent hypertrophic genes and 
pathways (Harrap et al., 2002). Therefore, it is crucial to explore regulation and expression of 
genes associated with apoptosis and decreased cell proliferation of cardiac cells during foetal 
growth, which is followed by a compensatory hypertrophic response. For this purpose, cardiac 
tissue from neonatal HHRs that are 2-days of age have been used in this study to gain insight 
into the pathogenesis of cardiac hypertrophy typical of the HHRs. 
Gene 
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1.4 MicroRNAs in cardiac hypertrophy 
This study is the first to evaluate the potential role of microRNAs in cardiac tissue of 2-days old 
HHRs in the pathogenesis of cardiac hypertrophy that is characteristic of this rat model, Fig 1.2. 
Many mammalian microRNA transcripts are part of introns of protein coding regions 
(Rodriguez et al., 2004). They suppresses the function of target genes by blocking initiation and 
elongation of a transcript, inducing premature termination of translation, de-adenylation of 
mRNAs to prevent their reuse and most importantly degradation of the target mRNA (Eulalio, 
Huntzinger, & Izaurralde, 2008; Filipowicz, Bhattacharyya, & Sonenberg, 2008). Their function 
is the result of perfect continuous pairing of the seed region, which is 2-8 nucleotides away 
from the 5’ end of the microRNA, to the complementary sequence and is critical for target 
specificity (Lee & Shin, 2012). 
Several microRNAs regulate physiological and pathological cardiac hypertrophy by moderating 
cellular mechanisms resulting in altered cardiac mass. Global deletion of the key cardiac 
protein Dicer; an enzyme required for maturation of microRNAs, results in death at embryonic  
age (E) 13.0 from ventricle septal defects associated with malformation of the great vessels 
that demonstrates the important role these non-coding sequences have in regulating cellular 
processes including cardiogenesis and cardiac hypertrophy (Saxena & Tabin, 2010). 
Overexpression of microRNAs can alter cellular processes essential during cardiogenesis with 
consequential congenital anomalies that are often fatal. On the other hand, absence of 
particular microRNAs can have similar deleterious effects. miR-1 is a good example 
demonstrating the delicate balance required by microRNAs. Overexpression of miR-1 is 
suggested to induce early exit of cardiomyocytes from the cell cycle by regressing the function 
of “heart and neural crest derivatives expressed 2 (HAND2)”, a basic helix-loop-helix (bHLH) 
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protein required for growth of the right and trabeculation of the left ventricle (Cordes & 
Srivastava, 2009). Overexpression results in foetal death at E13.5 in mice (Liu & Olson, 2010). 
In contrast, deletion of the microRNA results in fatal ventricular septal defects in late 
embryonic life while the surviving mutant hearts exhibit continuous mitosis instead of the one 
final cycle of cellular division immediately after birth (Zhao et al., 2007). In both scenarios, 
cardiogenesis was incompatible with life due to different affects the microRNA had on the 
myocardium. 
MicroRNAs have also shown to influence hypertrophic signalling pathway that contribute to 
cardiac hypertrophy in mature hearts. For instance, miR-19a/b targets muscle atrophy f-box 
protein (ATROGIN1) and muscle ring finger protein 1 (MURF1), which up-regulate pro-
hypertrophic “calcinuerin/nuclear factor of activated T-cells” (CN-NFAT) and “protein kinase 
C” (PKC) mediated signalling pathways respectively (Li et al., 2004; Arya et al., 2004; Song et 
al., 2014). miR-22 represses “phosphatase and tensin homolog” (PTEN), which is a negative 
regulator of phosphatidylinositol-3-kinase (PI3K), resulting in activation of the pro-
hypertrophic protein kinase B (PKB or AKT) signalling pathway (Xu et al., 2012). Moreover, miR-
328 suppresses its target gene, sarco/endoplasmic reticulum Ca2+-ATPase-2a (SERCA2A), 
which increases intracellular calcium and activates CN-NFAT signalling pathway (Li et al., 2014). 
miR-350 during the later stages of a hypertrophic response to transverse aortic constriction 
(TAC) represses expression of p38 and c-Jun N-terminal kinases 1/2 (JNK1/2) with 
consequential activation of NFAT (Ge et al., 2013). These signalling proteins are found 
downstream of the mitogen-activated protein kinases (MAPK) signalling pathway and are 
negative regulators of hypertrophy (Molkentin, 2004). 
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1.5 H9C2-1 myoblast cell line 
The H9C2-1 myoblast cell line has been widely used to investigate cardiac hypertrophy. The 
cell-line is derived and retain many properties of Rattus norvegicus primary embryonic 
ventricular cardiomyocytes such as membrane morphology and electrophysiology, expression 
of G-signalling proteins and hypertrophic responses to biochemical mediators ; angiotensin 
and endothelin (Hescheler et al., 1991; Watkins, Borthwick, & Arthur, 2011). In this study, 
H9C2-1 cells were transfected with a set of unique microRNA. The gain of function approach 
uses complementary synthetic sequences called inhibitors to suppress the microRNA by 
disallowing formation of the RNA-silencing complex or inducing degradation of the microRNA 
therefore permitting the target mRNA to continue its function (Bader, Brown, & Winkler, 
2010). The other approach restores the function of a microRNA by introducing a synthetic 
mimic that can then suppress the function of an undesirable or overexpressed gene (Zhang, 
Wang, & Gemeinhart, 2013). 
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1.6 Project hypothesis and aims 
1. Hypothesis 
A select group of microRNAs is responsible for inducing apoptosis and early exit of 
cardiomyocytes from the cell cycle during cardiogenesis and thereafter regulate compensatory 
hypertrophy by modulating signalling pathways and other cellular mechanisms in the absence 
of a hypertrophic stimulus in the hearts of HHRs. 
2. Aims of the study 
1. Characterization of 2-days old HHRs as model of cardiac hypertrophy 
2. Validation and analysis of microarray (microRNA) to identify microRNAs responsible for 
hypertrophy in the hearts of HHRs  
3. Validation and analysis of microarray (mRNA) data to identify potential target genes of 
validated microRNAs responsible for hypertrophy in the hearts of HHRs  
4. Transfection of H9C2-1 myoblast cell-line with microRNA mimics and inhibitors to 
identify potential microRNA-mRNA interactions. 
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Chapter-2: MicroRNAs in a hypertrophic heart: from 
foetal life to adulthood 
This chapter has been published in the form presented here. 
Sadiq S, Crowley TM, Charchar FJ, Sanigorski A, Lewandowski PA. MicroRNAs in a hypertrophic 
heart: from foetal life to adulthood. Biol Rev Camb Philos Soc. 2017;92: 1314–1331. 
doi:10.1111/brv.12283 (Impact Factor: 11.62) 
https://www.ncbi.nlm.nih.gov/pubmed/27247253  
2.1 Preface 
MicroRNAs are oligonucleotides with immense regulatory potential that modulate expression 
of complementary mRNA sequences, hence control cellular pathways and biological processes. 
The following review discusses in-depth several microRNAs and accompanying target genes 
that play a role in myocardial development and cardiomyocyte growth during foetal life, and 
are a causative link to pathological hypertrophy during adulthood. The HHR is a unique animal 
model of concentric cardiac hypertrophy that is seen in the absence of hypertension as 
introduced previously (Harrap et al., 2002). It has been indicated the HHR heart undergoes 
compensatory myocardial hypertrophy during adulthood as a result of reduced number of 
cardiomyocytes at birth due to increased apoptosis and lack of cellular proliferation during 
cardiogenesis (Porrello et al., 2009). Hence it is deemed important to identify literature that 
supports the aetiology of cardiac hypertrophy characteristic of the HHR. In addition, the 
published review highlights processing, function and regulation of microRNAs as well has 
important features distinguishing physiological and pathological cardiac hypertrophy to guide 
the reader in understanding fundamental concepts and novel aspects of this project.  
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ABSTRACT
The heart is the first organ to form and undergoes adaptive remodelling with age. Ventricular hypertrophy is one such
adaptation, which allows the heart to cope with an increase in cardiac demand. This adaptation is necessary as part of
natural growth from foetal life to adulthood. It may also occur in response to resistance in blood flow due to various
insults on the heart and vessels that accumulate with age. The heart can only compensate to this increase in workload
to a certain extent without losing its functional architecture, ultimately resulting in heart failure. Many genes have
been implicated in cardiac hypertrophy, however none have been shown conclusively to be responsible for pathological
cardiac hypertrophy. MicroRNAs offer an alternative mechanism for cellular regulation by altering gene expression.
Since 1993 when the function of a non-coding DNA sequence was first discovered in the model organism Caenorhabditis
elegans, many microRNAs have been implicated in having a central role in numerous physiological and pathological
cellular processes. The level of control these antisense oligonucleotides offer can often be exploited to manipulate the
expression of target genes. Moreover, altered levels of microRNAs can serve as diagnostic biomarkers, with the prospect
of diagnosing a disease process as early as during foetal life. Therefore, it is vital to ascertain and investigate the function
of microRNAs that are involved in heart development and subsequent ventricular remodelling. Here we present an
overview of the complicated network of microRNAs and their target genes that have previously been implicated in
cardiogenesis and hypertrophy. It is interesting to note that microRNAs in both of these growth processes can be of
possible remedial value to counter a similar disease pathophysiology.
Key words: cardiac hypertrophy, hypertrophic heart rat, microRNAs, apoptosis, cardiogenesis, biomarkers, anti-sense
therapy.
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I. INTRODUCTION
The human body ages naturally and as it does biological
changes occur which do not necessarily mean deterioration
of health leading to death (Berzlanovich et al., 2005). Rather,
these changes may result in accumulated cellular damage
in due course which makes an individual more susceptible
to disease (Lo´pez-Otín et al., 2013). For instance, endothelial
dysfunction due to hypertension, dyslipidaemia, smoking
and oxidative stress can result in atherosclerotic changes
in coronary vessels (Nabel & Braunwald, 2012). Similarly,
cardiovascular risk factors such as insulin resistance,
obesity, hypertension and behavioural risk factors including
depression, smoking and physical inactivity can result in
Alzheimer’s disease and dementia (Barnes & Yaffe, 2011;
Teipel, 2013).
Aging can be viewed from a biochemical perspective
as well. Telomeres protect stem cells from chromosomal
degradation, however with gradual decline of telomerase
activity successive cycles of proliferation result in shortening
of telomere length resulting in decreased proliferation
and cellular aging (Flores & Blasco, 2010). In addition,
several other molecular processes have been suggested to
contribute to aging such as mitochondrial dysfunction,
genomic instability, epigenetic modifications and progenitor
cell depletion (Lo´pez-Otín et al., 2013).
Non-coding ribonucleic acids (ncRNAs) that in the past
were regarded as merely ‘junk’ oligonucleotide sequences
are now an entire research field of interest. MicroRNAs
are one such set of ncRNAs that regulate gene expression
primarily by binding to their complementary mRNA
sequence and influencing gene expression (Esteller, 2011).
Various families of microRNAs are thought to be conserved
during evolution in humans and plants and have been
shown to play an essential role in development, growth
and maintenance (Cuperus, Fahlgren & Carrington, 2011;
Wang et al., 2011; Yi & Fuchs, 2011). Several studies
have suggested that levels of microRNAs change with
time, for example during pregnancy and in age-related
neurodegeneration (Gilad et al., 2008; Aw & Cohen,
2012). Thus researching microRNA-led regulation of gene
expression with time is of importance in the understanding
of mechanisms behind various acquired and heritable
diseases.
One such group of disorders is adaptive cardiac
hypertrophy. It can be a product of physiological or
pathological influences on the structure and function of the
myocardium including varied ventricular mass, measures of
contractile proteins, degree of fibrosis, calcium handling
and neuronal makeover (Hill & Olson, 2008). Cardiac
hypertrophy is an increase in cardiac cell mass which can
ultimately result in fatal cardiovascular events (Levy et al.,
1990; Ghali, Liao & Cooper, 1998). The FraminghamHeart
Study identifies left ventricle (LV) hypertrophy as the most
important cardiovascular risk factor after age (Levy et al.,
1990). The adaptation occurs as a compensatory response to
physiological or pathological stress on themyocardiumwhich
leads to growth of terminally differentiated cardiomyocytes
(Grossman, 1980; Frey & Olson, 2003). In either case
hypertrophy results in ventricular dysfunction but not all
individuals exposed to the risk factors have the same degree
of increase in cardiac mass (Gardin et al., 1995). In addition,
numerous clinical studies involving twins and families have
given evidence of the role that heritable genes have in
determining heart size (Mayosi, 2002).
The focus of this review is to describe the involvement of
microRNAs in cardiac growth and development. In addition,
the role of microRNAs will be discussed in the context of
physiological and pathological cardiac hypertrophy. Lastly,
the importance of microRNAs in modern-day medicine in
relation to their value as tools of diagnosis and therapy of
cardiac hypertrophy will be emphasized.
II. CARDIAC HYPERTROPHY: THE GOOD AND
THE BAD
(1) Physiological versus pathological hypertrophy
As the human body ages, the heart goes through various
physiological and pathological alterations. Post-neonatal
cardiac growth and cardiac hypertrophy associated with
pregnancy or regular athletic exercise are part of the natural
growth process. On the other hand incidence of heart
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failure increases with age primarily due to hypertension
and coronary heart disease with associated left ventricular
hypertrophy (Kannel & Belanger, 1991). Hypertrophic
changes are a common denominator in the equation of
cardiac function and have two forms: concentric and
eccentric. Concentric hypertrophy can result from increased
forced contractility particularly in response to higher
peripheral resistance seen in hypertension or valvular stenosis
and after excessive muscular exercise done by wrestlers
and weight lifters (Maillet, van Berlo & Molkentin, 2012).
Eccentric hypertrophy, by contrast, is seen chronically after
an ischaemic episode, in dilated cardiomyopathy, during
pregnancy and in endurance athletes (Maillet et al., 2012).
There are some distinct features differentiating between
physiological and pathological hypertrophy. An increase
in apoptosis, necrosis, type I collagen deposition in the
myocardium, up-regulation of foetal gene expression,
down-regulation of genes encoding contractile protein,
decreased fatty acid oxidation and enhanced glucose
metabolism are hallmarks of pathological hypertrophy
(Bernardo et al., 2010).
microRNAs, not surprisingly regulate various biological
pathways resulting in altered cardiac mass. The complex
signalling pathways recognized to be involved in cardiac
hypertrophy will be discussed later in this review along with
the relevant microRNAs predicted to manipulate them.
(2) An animal model differentiating between
physiological and pathological hypertrophy
The hypertrophic heart hat (HHR) is a rodent model
that develops left ventricular hypertrophy independently
of hypertension (Harrap et al., 2002). The model was
successfully developed by cross breeding the spontaneously
hypertensive rat (SHR) with the Fischer (F-344) rat. A
number of genes potentially associated with concentric
cardiac hypertrophy were demonstrated to be altered
in the HHR following microarray analysis (Dwyer et al.,
2008). For instance, DnaJ homolog subfamily A member
3 (DNAJA3 ) was overexpressed in young HHRs. DNAJA3
encodes for Ras GTPase-activating protein binding protein
(RasGAP) which has a central role in hypertrophic signalling
(Trentin et al., 2001). Similarly, guanine nucleotide binding
protein gene (GNG5 ), Rab12 – a Ras (rat sarcoma) oncogene
family member – and mitogen activated protein kinase 1
(MAPK1) were overexpressed, these genes are involved in the
Ras/mitogen-activated protein kinase (MAPK) signalling
pathway that results in cardiac hypertrophy (Dwyer et al.,
2008). Four important genes from the microarray data were
validated via real-time polymeric chain reaction (PCR) and
suggested to be involved with cardiac hypertrophy (Dwyer
et al., 2008). These genes were: natriuretic peptide precursor
type B (NPPB), a marker of left ventricular hypertrophy
(Jaffe, Babuin & Apple, 2006), MAPK1, a downstream
component of the Ras signalling pathway (Heineke &
Molkentin, 2006), Tropomyosin 1 (TPM1), involved in
myofibril assembly (McKeown et al., 2014), andTRAF family
member–associated NF-kB activator (TANK ), activator of
the pro-hypertrophic nuclear factor kB (NF-kB) signalling
pathway (Cabal-Hierro et al., 2014).
An interesting finding has come to light using the
HHR model. It has been revealed that the number of
cardiomyocytes in neonatalHHRs are fewer compared to the
normal heart rats (NHRs) of corresponding age, resulting in
smaller hearts at birth and compensatory hypertrophy as the
rat ages with increased cardiac output (Porrello et al., 2009).
Further evidence points towards apoptosis and early terminal
differentiation of cardiomyocytes with phosphatidylinositol 3
kinase-pyruvate dehydrogenase kinase, isoenzyme 1-protein
kinase B (PI3K-PDK1-PKB/Akt) and MAPK signalling
pathways being up- and down-regulated, respectively, in
HHR neonates, possibly as a protective mechanism against
apoptosis to prevent further reduction in cardiomyocyte
numbers (Porrello et al., 2009). The PI3K-PDK1-PKB/Akt
signalling pathway has been well established as a positive
modulator of physiological hypertrophy but has also been
implicated in pathological hypertrophy (Bernardo et al.,
2010). An increased number of binucleated cardiomyocytes
and decreased cellular proliferation was also noted indicating
an early exit from the cell cycle (Porrello et al., 2009). This
previous research has shown that there is a disturbance in
cell growth and altered apoptotic-signalling mechanisms that
need further investigation.
III. MICRORNAS AT A GLANCE
It was initially believed that 18 microRNAs and their families
make up more than 90% of all cardiac microRNAs in
mice aged 6–8weeks (Rao et al., 2009). However, with
recent improvements in deep sequencing technology and
the ever-growing microRNA database, there has been an
exponential increase in the number of microRNAs thought
to regulate expression of cardiac genes (Hu et al., 2012). From
the list of common microRNAs (Rao et al., 2009; Hu et al.,
2012), miR-1, miR-27b, miR-30e, let-7i and miR-208a were
found to be differentially expressed during early cardiac
hypertrophy in mice with transverse aortic constriction
(TAC) (Hu et al., 2012). Two of these important microRNAs
are discussed later in this review, miR-1 (Section IV.1) and
miR-208a (Sections IV.2 & VI.3).
Fig. 1 provides an overview of the many microRNAs
that are believed to regulate both normal cardiogenesis and
pathological cardiac hypertrophy as a result of cardiovascular
risk factors and compensatory remodelling.
(1) Processing and function
The role of microRNAs was first described in Caenorhabditis
elegans where silencing of mRNA LIN-14 by LIN-4 at various
time points during growth resulted in normal development
of the worm from an embryo (Lee, Feinbaum & Ambros,
1993). The microRNA was transcribed from the worm’s
own genome and hence it was suggested they have an
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Fig. 1. Regulation of cardiogenesis and cardiac hypertrophy by microRNAs. During cardiogenesis, various cellular processes
regulated by microRNAs result in the formation of a normal neonatal heart from a primitive cardiac tube. This is followed by
physiological growth of the heart to compensate for an increase in demand for cardiac output. However numerous cardiovascular
risk factors can result in variable expression of genes and microRNAs that lead to irreversible pathological hypertrophy. It has been
suggested that dysregulation of certain genes during cardiogenesis results in apoptosis and premature exit of cardiac cells from the
cell cycle. This leads to a reduced number of terminally differentiating cardiomyocytes in the heart of a neonate at birth, resulting
in a smaller heart. The heart thus has to compensate by hypertrophic remodelling, predisposing an individual to cardiovascular
disease, particularly hypertension with consequential irreversible concentric pathological hypertrophy. It is yet to be determined
which microRNAs can result in a smaller heart with reduced number of cardiac cells at birth with consequential compensatory
pathological hypertrophy. These microRNAs may be of interest for future research.
auto-regulatory function in gene expression, which is now
widely accepted.
Most of the mammalian microRNA transcription
sequences are part of introns of protein-coding transcripts
but some are found in exons of non-coding regions
as well (Rodriguez et al., 2004). microRNAs are initially
transcribed by RNA polymerases as longer molecules called
pri-microRNAs in the presence of transcription factors
similar to those involved in protein coding (Lee et al., 2004;
Borchert, Lanier & Davidson, 2006). Pri-microRNAs are
cleaved into smaller sequences called pre-microRNAs by
the protein Drosha, which are further cleaved by the
protein Dicer into microRNAs (Knight & Bass, 2001;
Lee et al., 2003). A select group of folded introns with
conserved splice sites have been identified that have a similar
structure to pre-microRNAs, hence skip being cleaved by
Drosha and are instead further processed by Dicer, thus
suggestive of an alternative pathway of biogenesis for certain
microRNAs (Ruby, Jan & Bartel, 2007). Then a hairpin
loop that joins the complementary strands is removed by
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RNA polymerase III and allows the RNA-induced silencing
complex (RISC) to separate the two strands (Kim & Nam,
2006). Exportin-5, a protein of the nuclear membrane,
transports the pre-microRNA out of the nucleus; knockdown
of this protein results in accumulation of pre-microRNA in
the nucleus (Yi et al., 2003). Similar results can be seen in
tumours with deficient expression of this protein (Melo et al.,
2010).
RISC further acts as a cofactor with the microRNA by
forming a multi-protein RNA-silencing complex (Holley &
Topkara, 2011). The complex binds to a complementary
mRNA and suppresses the function of the corresponding
gene(s) in several ways: blocking initiation and elongation,
forcing premature termination of translation, deadenylation
of mRNAs to prevent their reuse and most importantly
degradation of themRNA (Eulalio,Huntzinger& Izaurralde,
2008; Filipowicz, Bhattacharyya & Sonenberg, 2008). Most
of the repression mediated by microRNAs is the result
of mRNA decay due to perfect continuous pairing of the
seed region found 2–8 nucleotides from the 5′ end of the
microRNA that is critical for target specificity (Lee & Shin,
2012). If the target mRNA has adequate complimentary
sequences the complex will cleave it, resulting in substantial
repression of the mRNA, otherwise if there is an appropriate
collection of complimentary sequences only translation will
be blocked with demonstrable disruption of the target
sequence leading to a lesser degree of repression (Bartel,
2004; Baek et al., 2008).
(2) Fine tuning of microRNAs
MicroRNAs, being regulators of gene expression, are
in turn regulated through a feedback-loop system that
has components at different levels. RNA-binding proteins
DiGeorge Syndrome critical region gene 8 (DGCR8 )
and thyroid hormone binding proteins (TRBP) critically
interact with Drosha and Dicer, respectively, to modulate
microRNA processing (Chendrimada et al., 2005; Han et al.,
2009). Processing is also regulated by stimulatory pathways
and accessory proteins such as LIN-28, p68 and p72
(Winter et al., 2009; Davis-Dusenbery & Hata, 2010; Krol,
Loedige & Filipowicz, 2010). In addition, core proteins of
the microRNA-RISC complex, argonaute RISC catalytic
component (AGO) and trinucleotide repeat-containing
gene 6A protein (GW182) required for efficient mRNA
silencing, are also targets of regulation along with several
modulating factors (Winter et al., 2009; Krol et al., 2010;
Braun, Huntzinger & Izaurralde, 2013).
Editing of the microRNA gene sequence by adeno-
sine deaminases that act on RNAs (ADARs) inhibits
Dicer-mediated cleavage with reduced production of mature
microRNAs that results in more stringent loading of
mature microRNA onto the RISC complex and may
even redirect the complex to another target mRNA
(Tomaselli et al., 2013). Moreover, modifications at the 3′
end of a microRNA such as adenylation, uridylation or
O-methylation can alter its stability in a positive man-
ner (Krol et al., 2010). Interestingly, even an increased
cell density can result in more cell–cell interactions which
increase the efficiency of Drosha and the RISC complex,
thus up-regulating microRNA function (Hwang, Wentzel &
Mendell, 2009). Lastly, in addition to the above-mentioned
regulatory mechanisms there are auto-regulatory feedback
loops in which the mRNA suppressed holds the code
necessary for transcription factors required in biogenesis
of the microRNA upstream (Siomi & Siomi, 2010). An
example is the feedback loop that exists between miR-1
and insulin like growth factor 1 (IGF1) via PKB/Akt.
miR-1 targets IGF1, which in turn down-regulates the
pro-hypertrophic PI3K-PDK1-PKB/Akt signalling path-
way, allowing forkhead family transcription factor Forkhead
box O3a (FOXO3A) to increase expression of miR-1 (Elia
et al., 2009). Overexpression of PKB/Akt and FOXA3A in
neonatal rat cardiomyocytes leads to decreased and increased
expression of miR-1, respectively (Elia et al., 2009).
IV. MICRORNAS REGULATE CARDIOGENESIS
Expression profiling of the developing heart has revealed
that levels of mature microRNAs vary during important
developmental milestones (Cao et al., 2012). Comparison of
the levels between normal and pathological states helps to
identify the role of vital and relevant microRNA congenital
anomalies such as the teratology of Fallot (O’Brien et al.,
2012).
The heart is the first organ to form and it is vital that the
developmental process continues uninterrupted for normal
morphogenesis and function. The primitive heart starts as a
single tube derived from mesodermal cells and is called the
primary heart field (PHF). It also functions as a framework
for cells of the second heart field (SHF), with the two
field cells interacting through several regulated complex
signalling networks resulting in a mature four-chambered
heart (Srivastava, 2006). During embryogenesis various cell
types participate in a complex network of interactions with
specific microRNAs concentrated in a particular cell giving it
a unique functional identity (Small & Olson, 2011). Table 1
lists a number of microRNAs involved in mechanisms of
cardiogenesis and their target genes, which are discussed
below.
(1) miR-1/133a: major players in differentiation and
proliferation
miR-1 is the first and best studiedmicroRNA in cardiogenesis
and is continually expressed from the eighth day (E.8) in
embryonic mice (Cordes & Srivastava, 2009). In vertebrates
miR-1 is transcribed with miR-133 as a cluster from
a common polycistronic transcript (Chen et al., 2005).
Polycistronic transcripts have cistrons (loci) that are expressed
together by the same transcription factor(s). It is suggested
the locus of miR-1/133a duplicated during evolution to
yield three related microRNA clusters; miR-1-1/133a-2,
miR-1-2/133a-1 and miR-206/133b (Chen et al., 2005).
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Table 1. Many microRNAs play a vital role in regulating a range of biological processes necessary for normal progression of
cardiogenesis. miR-1 and miR-133 target numerous genes and affect an array of cellular pathways such as differentiation and
proliferation, which are fundamental processes during cardiac development. Other microRNAs are equally important as they
regulate pathways that ensure the heart develops as a viable organ. + and − indicate a positive or negative regulatory effect,
respectively, of the microRNA on a particular cellular pathway
Pathway miR-1 miR-133 miR-1-2 miR-218a miR-138 miR-143 miR-17-92 miR-499
Differentiation +, Nkx2.5 +, Nkx2.5 +, ISL1
+, α-MHC +, α-MHC
+, WNT
+, FGF
Proliferation −, HAND2 −, SRF +, NELFA
−, CyclinD
Apoptosis −, SRF
−, CyclinD
−, Caspase9
Conduction −, KCNQ1 +, IRX5
−, KCNH2 +, KCND2
Migration +, ROBO1
Maturation +, CSPG2 +, NOTCH1B +, MYH7B
Remodelling +, ADD3
Transcription of these clusters is regulated by serum response
factor (SRF), myocyte enhancer factor 2 (MEF2) and a basic
helix-loop-helix (bHLH) protein, myoblast determination
(MYOD) (Zhao, Samal & Srivastava, 2005; Liu et al., 2007).
miR-1 and miR-133 work in confluence to divert
embryonic stem cell differentiation towards a mesodermal
cell lineage instead of endodermal or neuroectodermal
lineages by reducing the expression of Nkx2.5 and α-myosin
heavy chain (α-MHC) (Takaya et al., 2009). Nkx2.5 is
a homeodomain factor which represses proliferation of
cells in the SHF and outflow tracts (Prall et al., 2007),
whereas α-MHC encodes for contractile content in the
heart after birth. On the other hand, the two microRNAs
work in conflict during maturation of cardiomyocytes
from mesodermal precursor cells with miR-1 fostering and
miR-133 antagonizing the process (Ivey et al., 2008).
Overexpression of miR-1 results in death at E13.5 in mice
(Zhao et al., 2005). The microRNA is suggested to induce
early exit of cardiomyocytes from the cell cycle by limiting
the function of heart and neural crest derivatives expressed
2 (HAND2), a bHLH protein required for growth of the
right and trabeculation of the left ventricle (Zhao et al., 2005).
Overexpression of miR-1 also demonstrates the important
regulatory role it plays in succession of the cardiac cell
lineage. miR-1 promotes differentiation of embryonic stem
cells as well as progenitor cardiac cells into cardiomyocytes
instead of smooth muscle or endothelial cells by suppressing
int/Wingless (WNT) and fibroblast growth factor (FGF)
signalling pathways during early cardiogenesis (Lu et al.,
2013). By contrast, deletion of miR-1-2 from the hearts
of mice resulted in fatal ventricular septal defects in late
embryonic life in half the embryos, with the surviving mutant
hearts exhibiting continuous mitosis whereas the adult heart
undergoes only a single cycle of cellular division immediately
after birth before exiting the cell cycle (Zhao et al., 2007).
However, a study by Wei et al. (2014) demonstrated
that absence of miR-1 did not result in the previously
mentioned cardiac malformations and hence embryonic
lethality, instead the mice developed chamber enlargement
after P12 with all them subsequently dying by P17. A
probable explanation for the later appearance of the fatal
phenotype due to miR-1 suppression found by Wei et al.
(2014) compared to Zhao et al. (2007) is a change in the
gene-editing technology used that allows relatively more
accurate snipping of target sequences with reduced silencing
of nearby genes. However, miR-1 knockout mice suffer
the same fate as their previous counterparts, indicating a
different pathophysiology. A new target gene for miR-1
has been discovered, estrogen-related receptor β (ERRβ)
that is responsible for induction of the foetal cardiac
gene program, including cellular proliferation, glycolysis,
glycogenesis and expression of sarcomere-associated genes
(Wei et al., 2014). It has been suggested that inhibition of
glucose metabolism allows the embryonic heart to transit
into the postnatal stage with β-oxidation of fatty acids as the
predominant source of energy, in addition to expression of
adult sarcomere/contractile proteins instead of foetal genes
(Wei et al., 2014). Therefore the role ofmiR-1 is crucial during
cardiogenesis and in regulating cardiac cell proliferation,
maturation and metabolism.
A similar disease-state overexpression of miR-1 can be
seen in mutant mice when there is deletion of miR-133a-1
and miR-133a-2 that results in ventricular septal defects
and dilated cardiac chambers (Liu et al., 2008). The small
percentage of mutant mice that do survive to adulthood
eventually die of dilated cardiomyopathy and heart failure
evident by increased cardiac markers of stress: myosin
heavy chain 7 (MYH7 ), atrial natriuretic factor (ANF ) and
B-type natriuretic peptide (BNP ) (Liu et al., 2008). These
knockout mice had up-regulated expression of SRF and
cyclin D along with increased cardiomyocyte proliferation,
disorganization of sarcomeres, fibrosis and apoptosis (Liu
et al., 2008). Absence of miR-133a in mice also activates
smooth muscle genes due to lack of inhibition of SRF
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resulting in less mature hearts as these genes are normally
activated temporarily during heart tube formation (Liu et al.,
2008).
By contrast, overexpression of miR-133a inhibits
proliferation leading to death from hypoplastic ventricular
walls and septal defects (Liu et al., 2008). However, it has
also been reported that miR-133 promotes proliferation by
inhibition of SRF (Chen et al., 2006). A possible explanation
suggested by Liu et al. (2008) is that SRF can be a
positive and negative regulator of proliferation depending
on the availability of suitable co-factors and external stimuli.
Overexpression of themicroRNA also inhibits stress-induced
cardiomyocyte hypertrophy by targeting members of the
Rho family – Ras homolog family member A (RhoA)
and Saccharomyces cerevisiae S288c (Cdc24 ) – which encode
for GTP-binding proteins involved in cytoskeletal and
myofibrilliar rearrangement (Care et al., 2007). miR-133a
also targets negative elongation factor complex member A
(NELFA), an RNA polymerase II regulator which plays a role
in the activation of transcription of foetal cardiac genes such
as myosin heavy chain 6 (Myh6 ), andMyh7 (Care et al., 2007).
The three targeted genes under physiological conditions
result in cardiac hypertrophy thus suggesting a delicate
balance of cellular proliferation and growth mediated by
miR-133a.
mir-133a is believed to affect several other cellular
pathways. The microRNA prevents apoptosis possibly
through down-regulating caspase-9, regulates extracellular
matrix of the myocardium by targeting connective tissue
growth factor (CTGF) and controls metabolism by targeting
kruppel-like factor 15 (KLF15) which in turns limits glucose
transport 4 (GLUT4) (Liu & Olson, 2010).
(2) Other significant microRNAs
mir218-a is believed to be involved in cardiac morphogenesis
with overexpression resulting in inadequate heart tube
looping, an uneven ventricle wall thickness and severally
dysmorphogeneic atrial chambers which are sometimes
merely string-like in structure (Chiavacci et al., 2012).
miR-218a and the host gene slit homolog 2 (SLIT2)
are regulated by T-box transcription factor (TBX5)
with microRNA expression directly proportional to
transcription factor levels (Chiavacci et al., 2012). miR-218a
is underexpressed in very early stages of heart development
but later allows passage of precursor cells within the heart
fields by targeting roundabout axon guidance receptor
homolog 1 (ROBO1) (Chiavacci et al., 2012). Overexpression
of the microRNA results in delayed migration and the
above-mentioned cardiac defects whereas down-regulation
did not affect cardiogenesis indicating that other microRNAs
play a role in this complex process (Chiavacci et al., 2012).
miR-138 has been implicated in ventricle development
as well. It is expressed for a limited time during cardiac
looping between 24 and 34 h post-fertilization in mice
(Morton et al., 2008). The microRNA allows maturation
of ventricular cardiomyocytes by limiting synthesis of
retinoic acid dehydrogenase, which disrupts the retinoic
acid signalling pathway (Morton et al., 2008). This in turn
prevents expression of two genes involved in formation of
the atrioventicular canal from spreading into the maturing
ventricle: chondroitin sulfate proteoglycan 2 (CSPG2), which
encodes for a cell adhesion protein versican, and Notch
homolog 1b translocation-associated (Drosophila) (NOTCH1B)
(Morton et al., 2008).
Another microRNA, miR-143, has shown to be active in
ventricular myocardial cells on the fifth day of embryonic life
of zebra fish (Brachydanio rerio) where it represses the function
of cytoskeletal F-actin capping protein encoded by adductin3
(ADD3 ) which is involved in rearranging F-actin allowing
cytoskeletal growth and cellular remodelling (Deacon et al.,
2010). ThemicroRNAcan also be found in the heart tube of a
zebra fish 36–48 h after fertilization where it is believed to be
involved in regulating ventricular contractions (Deacon et al.,
2010). Deletion of the microRNA results in atrial dilatation
and dysfunctional ventricles in fish (Deacon et al., 2010).
A cluster of microRNAs collectively named miR-17-92 is
activated downstream of the bone morphogenetic protein
(BMP) signalling pathway and is believed to facilitate
differentiation of cardiac precursor cells in the SHF by
repressing a progenitor gene; insulin gene enhancer protein
ISL-1 (ISL1) (Wang et al., 2010b). Overexpression of the
microRNA cluster affects development of the outflow tract
whereas deletion results in fatal hypoplastic ventricular
walls with septal defects (Wang et al., 2010b). Moreover,
miR-17-92 allows cardiac cells to proliferate at any age
including during embryonic and post-natal development;
overexpression of the cluster thus is protective against
myocardial infarctions, whereas miR-17-92 knockout mice
had evidence of compensatory cardiac cell hypertrophy with
decreased numbers of cardiomyocytes (Chen et al., 2013). In
vitro experiments on rat neonatal cardiomyocytes revealed
phosphatase and tensin homolog (PTEN ) to be the target
gene (Chen et al., 2013).
During development of the heart, MYH7 is transiently
expressed until birth and encodes for a slow ATPase
β-myosin heavy chain (β-MHC), then another protein
α-MHC, which is a fast ATPase coded by MHY6 , takes
over as the predominant MHC in cardiac cells, this
transition is mediated by circulating thyroid hormone
(Morkin, 2000). In addition, these genes also express intronic
microRNAs collectively called MyoMirs: miR-208a and
miR-208b, encoded by MYH6 and MYH7, respectively
(Callis et al., 2009). A thirdmicroRNAof this group,miR-499,
encoded by MYH7B is believed to up-regulate β-MHC and
allows ventricular maturation (Fu et al., 2011). MyoMirs are
expressed alongside their host genes thus regulate myosin
content of cells and therefore effective muscle contraction
(Liu & Olson, 2010). Hence the role of miR-208b is vital
during cardiogenesis and thereafter to allow the required
levels of myosin to develop for the contractile machinery.
These microRNAs will be discussed further in Section VI.3.
microRNAs, as expected, have an important role to
play in development of the cardiac conduction system
as well. miR-1-2 knockout mice which survive the
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embryonic period die of sudden onset arrhythmias with the
electrocardiogram (ECG) showing bradycardia, a shortened
PR interval and a widened QRS complex (Zhao et al.,
2007). A proposed mechanism is that a transcription
factor Iroquois homeobox 5 (IRX5 ) is up-regulated which
in turn down-regulates potassium voltage-gated channel
shal-related subfamily member 2 (KCND2 ) which encodes
for potassium channels (Zhao et al., 2007). Similarly,
miR-133a also targets genes encoding for potassium channels
and associated subunits: potassium voltage-gated channel
KQT-like subfamily member 1 (KCNQ1 ) and potassium
voltage-gated channel subfamily H member 2 (KCNH2 )
with overexpression of the microRNA resulting in QT
prolongation predisposing to arrhythmias and fibrillation
(Cordes & Srivastava, 2009; Liu & Olson, 2010).
(3) Effects of microRNA global deletion
Another way to study the influence of microRNAs is to
prevent their biogenesis in selective cells and analyse the
compound effects of universal deletion. Inhibition of Dicer
from epicardial cells in embryonic mice results in pericardial
haemorrhage with an anomalous coronary vasculature by
E18.5 (Singh et al., 2011).Mesothelial progenitor cells mature
into epicardial cells by E10.5 in mouse embryos, which
further differentiate into various cellular types including
vascular smooth muscle cells in a transformation process
termed epithelial-to-mesenchymal transition (EMT) (Singh
et al., 2011). Absence of Dicer results in overexpression of
E-cadherin and failure of zona occludens 1 (ZO-1), a tight
junction protein, to move away from the cell surface thus
keeping the cells adhered to each other and inhibiting EMT
(Singh et al., 2011). Additionally, a smoothmuscle cell marker
smooth muscle cell 22 (SMC22) is weakly expressed in the
developing coronary vasculature further confirming failure
of the transition process (Singh et al., 2011). An abnormal
vasculature can predispose to heart failure (Uysal et al., 2014).
Cardiac-specific Dicer knockout mice die within 4 days
of birth with histologically evident ventricular dilatation,
disorganized sarcomeres and an altered measure of
contractile protein expression (Chen et al., 2008). In addition,
cardiac function was severely diminished in these mice
indicative of dilated cardiomyopathy with eventual heart
failure (Chen et al., 2008). Additionally, adolescent and adult
mice with induced cardiac-specific Dicer deletion had an
escalating increase in expression of foetal genes along with
increasing myocardial inflammation, chamber remodelling,
dilatation with myocardial hypertrophy, and decreasing
cardiac function, all characteristics of progressive heart
failure (da Costa Martins et al., 2008). Similarly in a later
study, deletion of cardiacDicer was lethal in embryonicmice.
These mice died by E13.75 due to ventricle septal defects
associated with the aorta and pulmonary artery exiting from
the right ventricle (Saxena & Tabin, 2010). Sema domain
immunoglobulin domain (Ig) short basic domain secreted
(semaphorin) 3c (SEMA3C) and its regulatory transcription
factor were up-regulated in these mutant mice; they play a
vital role physiologically in positioning outflow tracts through
guiding axons of neuronal cells and promoting migration
of neural crest cells (Saxena & Tabin, 2010). In addition,
apoptosis is important for cardiogenic remodelling of outflow
tracts and was diminished in these knockout mice compared
to wild-type mice (Saxena & Tabin, 2010).
Another global Dicer knockdown investigation had similar
results showing that murine neural crest cells destined
towards cardiogenesis lead to cardiovascular malformations
such as ventricular septal defects, great vessel outlets in the
right ventricle and misplaced subclavian and carotid arteries
(Huang et al., 2010). Interestingly, migration patterns of the
neural crest cells into the outflow tracts and cardiac fields
from the third, fourth and sixth pharyngeal arches were
affected instead of consequential apoptosis in the absence of
Dicer (Huang et al., 2010).
V. POSTNATAL HYPERTROPHY: REGULATION
OF CELLULAR PROLIFERATION
It is of general belief that cardiomyocytes lose their
regenerative and proliferative capacity at birth resulting in
physiological hypertrophy, which is the hallmark of postnatal
cardiac growth. However, it was revealed that neonatal rat
hearts continue to proliferate up to 7 days following birth
(Porrello et al., 2011b). In addition, a population of cardiac
progenitor cells called cardiac side population (CSP) have
been identified which have the potential to differentiate into
mature cardiac cells (Pfister et al., 2005).
The miR-15 family has been shown to be up-regulated
in mouse hearts between 7 and 14 days of age and represses
expression of cell cycle genes, particularly checkpoint
kinase 1 (CHEK1 ), which halts cardiomyocytes in the
G2/M transition phase of the cell cycle (Porrello et al.,
2011a). The family includes miR-15a, miR-15b, miR-16-1,
miR-16-2, miR-195 and miR-497 that are clustered on three
different chromosomes with similarities in sequences of their
mature microRNAs (Porrello et al., 2011a). Overexpression
of miR-195 in primary neonatal cardiac cells results in
hypertrophy and binucleation with ventricular septal defects
and cardiac hypoplasia seen in mice (Porrello et al., 2011a).
Alternatively, suppression results in increased numbers of
cardiomyocytes undergoing a mitosis that was insufficient for
the cells to entirely progress through the cell cycle, suggesting
other regulatory mechanisms (Porrello et al., 2011a).
Similarly, there are several cyclins and cyclin-dependent
kinases (CDKs) particularly CDK2 and CDK6 that
were shown to be down-regulated in 6-day-old postnatal
cardiomyocytes and are targets of miR-29, miR-30
and miR-141 (Zhang et al., 2013b). The microRNAs
induce senescence in postnatal cardiomyocytes whereas
suppression by anti-microRNA treatment in primary
neonatal cardiomyocytes at 1 day of age resulted in increased
expression of cyclin A2 (CCNA2 ) with more cells entering
the cell cycle (Zhang et al., 2013b). Moreover, expression of
miR-141 along with miR-137 was also decreased in cardiac
cells that had regained proliferative capabilities (Zhang et al.,
Biological Reviews 92 (2017) 1314–1331 © 2016 The Authors. Biological Reviews published by John Wiley & Sons Ltd on behalf of Cambridge Philosophical Society.
 40 
 
2.10 microRNAs in pathological hypertrophy 
1. microRNA-378 
1322 S. Sadiq and others
2010). Unfortunately a great deal of research is still required
to fill in the gaps in our understanding of the role of
microRNAs in physiological cardiac hypertrophy occurring
as part of the normal growth process.
VI. MICRORNAS IN PATHOLOGICAL
HYPERTROPHY
Pathological hypertrophy is a precursor to heart failure and
can occur as a result of various stressors on the myocardium.
Fortunately, cardiac hypertrophy can be induced in a
laboratory setting by banding the aorta as it descends
which forces the myocardium to adapt to an increase in
peripheral resistance, or by stimulating cardiac cells using
various biochemical agonists that trigger the hypertrophic
signalling pathways. Much research is being done to
understand the complexity of microRNA-led regulation
of cardiac hypertrophy. Microarray analysis has revealed
several microRNAs that are up- or down-regulated in the
hearts of mice subjected to TAC and cultured rat neonatal
cardiomyocytes treated with a hypertrophic agonist such
as phenylephrine (PE) or transfected with recombinant
adenovirus (van Rooij et al., 2006; Sayed et al., 2007;
Tatsuguchi et al., 2007). For instance, expression of miR-21
and miR-18b was down-regulated during hypertrophic
changes whereas introduction of the microRNAs inhibited
the remodelling process (Tatsuguchi et al., 2007). Another
study demonstrated that overexpression of miR-195 in
transgenic mice results in cardiac hypertrophy (van Rooij
et al., 2006). Here we discuss some microRNAs that are of
general interest and have the potential to be of therapeutic
value. Table 2 provides a summary of the microRNAs
involved in mechanisms of pathological hypertrophy and
their target genes.
(1) microRNA-378
miR-378 has been implicated to have a role in cardiac
hypertrophy through inhibiting the Ras signalling pathway.
This pathway is activated by various receptors and associated
ligands grouped under receptor tyrosine kinases (RTKs),
including insulin-like growth factor receptor (IGFR), and
G protein coupled receptor (GPCR), the ligand for which
more importantly in hypertrophy is angiotensin II (Heineke
& Molkentin, 2006). Two distinct pathways further mediate
pro-hypertrophic signalling through Ras: (i) v-raf-1 murine
leukaemia viral oncogene homolog 1 – dual specificity
mitogen-activated protein kinase kinase 1 – extracellular
signal-regulated kinase 1/2′′ (Raf1-MEK1/2-ERK1/2)
(ERK1 and 2 are also known asMAPK3 and 1, respectively);
(ii) PI3K-PDK1-AKT. AKT inhibits glycogen synthase
kinase (GSK)-3β, with both paths resulting in activation of
nuclear factor of activated T-cells (NFAT) and transcription
of cardiac hypertrophy genes (Proud, 2004; Heineke &
Molkentin, 2006). T
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miR-378 blocks growth factor receptor bound protein
2 (GRB2 ) which plays an important role in activation of
the Ras pathway by being recruited to the cell membrane
and interacting with son of sevenless (SOS); levels of the
protein were increased in patients with heart failure and
in cardiomyocytes stimulated by PE (Nagalingam et al.,
2013). Transgenic mice with haploinsufficiency of GRB2
had attenuated compensatory responses to TAC (Zhang
et al., 2003). Inhibition of Grb2 results in down-regulation of
both mediating pathways, which was evident by decreased
phosphorylation of ERK1/2 and p70S6 (a kinase regulating
translation), decreased accumulation of NFAT in the
nucleus and increased phosphorylation of AKT/GSK-3β
(Nagalingam et al., 2013). By contrast, inhibition of miR-378
induced expression of foetal genes resulting in increased
levels of skeletal actin, NPPB and ANF in the presence
of PE stimulation (Nagalingam et al., 2013). Another study
validated, in addition to GRB2 , miR-378 targets IGFR1,
ERK2 and kinase suppressor of Ras (KSR1), a scaffold protein
on which ERK2 activation relies (Ganesan et al., 2013).
Synergistic to the function of the miR-15 family, miR-378
has also been implicated as a potential regulator of the
cardiac cell cycle during postnatal life through repression
of IGF1R from the seventh postnatal day onwards when
expression of the microRNA is induced (Knezevic et al.,
2012). The IGF1R signalling cascade is associated with
proliferation of cardiomyocytes during foetal life and DNA
synthesis in neonatal cells, hence it is important for the
growth and survival of cardiac cells (Kardami, 1990). A
double feedback-loop arrangement exists between miR-378
and IGF1, hence postnatal induction of miR-378 can be a
negative regulator of the cell cycle (Knezevic et al., 2012).
The role of miR-378 in apoptosis is rather inconclusive.
As previously mentioned, miR-378 functioned as a negative
regulator of the cell cycle and induced apoptosis (Knezevic
et al., 2012) whereas another investigation has validated
caspase-3 as a target of themicroRNAand hence is protective
of ischaemia-induced apoptosis in cardiomyocytes (Song &
Yuan, 2012). Ganesan et al. (2013) observed that during in vivo
experiments, miR-378 did not induce apoptosis, although it
was observed in cultured cells suggesting that cells are more
sensitive to apoptotic stimuli in vitro.
(2) microRNA-34a
miR-34a belongs to the miR-34 family, which also includes
miR-34b andmiR-34c. It has been investigated on numerous
occasions to play a role in aging and cancer by regulating
cellular proliferation and apoptosis. miR-34a can influence
the cell cycle through suppression of many genes including
sirtuin1 (SIRT1), a regulator of the cell cycle and senescence
(Yamakuchi & Lowenstein, 2009). miR-34a expression can
be induced by p53 as a result of oxidative stress and DNA
damage, the microRNA in turn inhibits SIRT1 which then
allows p53 to remain acetylated resulting in arrest of the
cell cycle and apoptosis (Yamakuchi & Lowenstein, 2009).
Human aortic endothelial cells transfected with miR-34a
precursor displayed a higher number of endothelial cells in
the G1 phase of the cell cycle indicating senescence and
decreased proliferation; in addition these cells had reduced
growth (Ito, Yagi & Yamakuchi, 2010; Badi et al., 2015).
An interesting observation was that expression of miR-34a
increased with age in untransfected cells and also in the
hearts of 32-weeks-old mice compared to 4weeks old which
suggests the microRNA has a role in aging, characterized by
increased apoptosis and decreased cell proliferation (Ito et al.,
2010).
Not surprisingly, another target identified is an
anti-apoptotic gene aldehyde dehydrogenase 2 (ALDH2 ),
suppression of which after a myocardial infarction (MI) and
hypoxia-induced miR-34a expression resulted in increased
apoptosis (Fan et al., 2013). miR-34a levels in the serum
of post-MI patients and rat models were further elevated
establishing the importance of the role of this microRNA
in cardiac dysfunction following ischaemia (Fan et al.,
2013). Increased apoptosis results in a hastened progression
to dilated cardiomyopathy instead of compensatory
hypertrophy with inevitable heart failure. Inhibition of
ALDH2 results in activation of theMAPK signalling pathway
with increased activity of c-Jun N-terminal kinase (JNK) and
p38 leading to apoptosis (Zhang et al., 2011). A complex
network of intercommunicating proteins is induced following
activation of MAPK-mediated apoptosis, which is beyond
the scope of this review.
Increased glucose levels can also induce apoptosis in
cardiac cells, which may explain the cellular pathogenesis
behind diabetic cardiomyopathy. H9c2 cells grown
in high-glucose culture media had elevated levels of
miR-34a expression with suppressed levels of yet another
anti-apoptotic protein, B-cell CLL/lymphoma 2 (BCL2),
resulting in apoptosis (Zhao et al., 2013). Bcl2 has been
widely investigated as having an important role in regulating
apoptosis and is the target of other microRNAs such as
miR-195, miR-24 and miR-365 (Singh & Saini, 2012).
Another study demonstrated that aged mice had
elevated levels of miR-34a expression with increased
cardiac fibrosis, hypertrophy, shorter telomeres and
increased apoptosis whereas inhibition of miR-34a in
18-months-old mice resulted in a reduced number of dead
cells and miR-34a knockout mice demonstrated reduced
age-associated deterioration of cardiac function (Boon
et al., 2013). In addition, mouse models of induced acute
myocardial infarction (AMI) with inhibition of miR-34a
had improved recovery, evident by decreased fibrosis and
improved cardiac contractile function (Boon et al., 2013). The
target identified and validated in this study was phosphatase
1 nuclear-targeting subunit (PNUTS), which has surfaced as
an important component of the DNA damage response and
positively regulates cell survival (Boon et al., 2013; Loffredo,
Pancoast & Lee, 2013).
Similarly, cardiac fibroblasts isolated from the AMImouse
model demonstrated induction of transforming growth factor
β1 (TGF-β1) in response to ischaemia with increased
expression of miR-34a which targets mothers against
decapentaplegic homolog 4 (SMAD4 ) resulting in cardiac
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fibrosis (Huang et al., 2014). Activation of TGF-β1 transforms
fibroblasts into cardiac fibroblasts and stimulated expression
of miR-34a, which in turn inhibited SMAD4 and allowed
collagen deposition by the TGF-β1 signalling pathway in a
positive feedback loop (Huang et al., 2014). Overexpression of
miR-34a resulted in increased cardiac fibroblast proliferation
and migration, indicating that the microRNA promotes
cardiac fibrosis in response to amyocardial infarction (Huang
et al., 2014). In another study, SMAD4 knockout mice had
cardiac hypertrophy, decreased contractile function and
increased fibrosis as a result of up-regulated ERK1/2 and
MEK1 expression (Wang et al., 2005).
In relation to cardiac hypertrophy, it has been shown
that inhibition of the miR-34 family and not miR-34a
alone can improve the outcome in mouse models with
pre-existing cardiac dysfunction and remodelling (Bernardo
et al., 2012). Mice subjected to a myocardial infarction
developed hypertrophy and that were then treated with
anti-miR-34 on day 2 after infarction had slower progression
of ventricular wall remodelling (hypertrophy to dilatation,
decreased atrial enlargement, lung congestion and fibrosis)
at 8 weeks of age compared to control mice (Bernardo et al.,
2012). Similar results were observed in mice subjected to
pressure overload via TAC that developed hypertrophy with
subsequent systolic dysfunction at 5weeks of age and were
then treatedwith anti-miR-34 for a further 6 weeks (Bernardo
et al., 2012).
(3) MyoMirs: microRNA-208
Myo-microRNAs that were discussed in Section IV.2
play a vital role in switching expression of α-MHC
to β-MHC. Stressful conditions and disease states such
as hypothyroidism induce expression of β-MHC that
consequently results in impaired cardiac contraction and
function (Morkin, 2000). Overexpression ofmiR-208a results
in concomitant expression of β-MHC and miR-208b
whereas blocked expression has an opposite effect thus
indicating the dominant role of miR-208a in this
microRNA family (Callis et al., 2009). miR-208a/b-led
repression of thyroid hormone receptor associated protein
1 (THRAP1), a triidothyronine (T3) receptor co-regulator,
and ‘myostatin’ allow the heart to undergo compensatory
hypertrophy and fibrosis in response to stress stimuli (Callis
et al., 2009). Thyroid hormone promotes expression of
several genes enhancing inotropic (contractile) function
of the heart including sarco/endoplasmic reticulum
Ca2+-ATPase-2a (SERCA2A), α-MHC, β1-adrenergic
receptor, Na+/K+-ATPase and K+ channels while
suppressing β-MHC (Li et al., 2014b). Myostatin prevents
cardiac hypertrophy by inhibiting AMP-activated kinase
(AMPK) through the transforming growth factor-β-activated
kinase 1 (TAK1); on the other hand, AMPKactivation is seen
in myocardial infarction, left ventricular pressure overload
and cardiac hypertrophy (Biesemann et al., 2014). Hearts
of miR-208a transgenic mice were larger, had enlarged
chambers with thick ventricular myocardium, increased
cell size and poor cardiac function (Callis et al., 2009). A
previous study demonstrated that cultured cardiac cells
under cyclical mechanical stress created by a vacuum
induced TGF-β1, which in turn stimulated miR-208a and
downstream β-MHC expression (Wang et al., 2013).
This microRNA also delicately influences cardiac
conduction; ECG recordings of miR-208a transgenic mice
demonstrated an increased PR interval which indicates
an atrioventricular (AV) heart block while loss-of-function
mice had absent P waves suggesting atrial fibrillation (Callis
et al., 2009). A proposed mechanism for arrhythmias in the
loss-of-function model of miR-208a is increased levels of
transcription factor GATA-binding protein 4 (GATA4) with
decreased expression of homeodomain-only protein (HOP)
and subsequently connexion-40, a gap junction protein that
allows propagation of electric activity (Callis et al., 2009).
miR-208 has also been shown to inhibit mediator complex
subunit 13 (MED13) which is required for transcription
of genes and can reduce expression of metabolic genes as
explained earlier (Carrer et al., 2012).
(4) microRNA-214
miR-214 has been shown actively to induce cardiac hyper-
trophy in vivo and in vitro by directly targeting enhancer of
zeste homolog 2 (EZH2 ), a major histone methyltransferase
belonging to the polycomb repressor complex 2 (PRC2)
(Yang et al., 2013). EZH2 allows normal growth of cardiac
progenitor cells by stabilizing cardiac gene expression and
down-regulating expression of skeletal muscle genes via
suppressing a homeodomain transcription factor gene, sine
oculis homeobox homolog 1 (SIX1 ), thus preventing hyper-
trophy of cardiac cells in response to stress (Delgado-Olguin
et al., 2012). miR-214 and EZH2 expression levels were anal-
ysed in cardiac hypertrophy rat models with a constricted
abdominal aorta and cultured cardiomyocytes treated
with PE to induce hypertrophy. Results of both experi-
ments demonstrated increased expression of miR-214 with
decreased quantities of EZH2mRNAandprotein (Yang et al.,
2013). Overexpression of miR-214 in PE-treated cultured
cardiac cells resulted in increased cell size and surface area
alongwith elevated levels of hypertrophicmarkers actin alpha
1 skeletal muscle (ACTA1), MYH7 and natriuretic peptide
A (NPPA), whereas suppression of the microRNA had the
opposite effect (Yang et al., 2013). Similarly, overexpression
of miR-214 in transgenic mice resulted in hypertrophy at
3months of age with sudden death between 6 and 12months
due to cardiac dysfunction including increased ventricular
diameter, thin chamber walls and a progressively decreasing
ejection fraction (Yang et al., 2014). By contrast, suppression
of miR-214 by an injectable complementary antagonist
in mice with transverse aortic constriction resulted in a
lesser degree of hypertrophy and associated fibrosis with
unaffected cardiac function (Yang et al., 2014).
(5) microRNA-19a/b
Another microRNA family, miR-19a/b that is part of
miR-17-92 cluster, has been shown to target multiple
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pathways that result in cardiac hypertrophy and induce
apoptosis of cardiac cells during stress. Expression of
an anti-hypertrophic gene muscle atrophy F-box protein
(ATROGIN-1) during physiological conditions inhibits the
calcineurin/nuclear factor of activated T-cells (CN-NFAT)
signalling pathway through ubiquitin-mediated proteolysis
and thus prevents cardiac hypertrophy (Li et al., 2004).
CN-NFAT is a pro-hypertrophic signalling pathway that is
activated by cytosolic Ca2+ from the endoplasmic reticulum
(Carren˜o et al., 2006). ATROGIN-1 also targets charged
multi-vesicular body protein 2B (CHMP2B), which is part
of an endosomal sorting complex (ESCRT), thus promoting
autophagy and preventing apoptosis (Zaglia et al., 2014).
Another protein, muscle ring finger protein 1 (MURF1)
inhibits agonist-stimulated protein kinase C (PKC)-mediated
signalling pathway by interacting with the receptor for
activated protein kinase C (RACK1), whereas activation
of this pathway leads to cardiac cell hypertrophy (Arya et al.,
2004). Overexpression of miR-19a/b results in suppression
of ATROGIN-1 and MURF1 which in turn up-regulates
associated pathways leading to increased cardiomyocyte size
along with elevated levels of cardiac hypertrophic markers
(Song et al., 2014). In addition, miR-19a/b was found to
promote proliferation of neonatal cardiac cells by targeting
PTEN, a prohypertrophic and tumour suppressor gene, in
conjugation with its role as a member of the miR-17-92
cluster (Chen et al., 2013).
On the other hand,miR-19a/b up-regulatesαCrystallin-B
(αCryB) through activation of the CN-NFAT signalling
pathway during agonist-induced stress on cardiomyocytes
(Song et al., 2014). αCryB is an anti-apoptotic gene and
calcineurin-mediated activation is cardio-protective during
cellular stress (Bousette et al., 2010). Another pro-apoptotic
protein ‘Bim’ was down-regulated by overexpression of
miR-19a/b, which along with αCryB improved cardiac
cell survival against endoplasmic reticular stress (Song et al.,
2014). In contrast to calcineurin activation of NFAT,
stress-activated protein kinases (SAPKs), p38 and MAPK
8 and 9 (JNK 1 and 2), which are part of the MAPK
signalling pathway, are negative regulators with evidence
suggesting a balance in activation (dephosphorylation) and
deactivation (phosphorylation) of the nuclear factor by the
two signalling pathways (Molkentin, 2004).
(6) microRNA-350
Overexpression of miR-350 during later stages of the
hypertrophic response to TAC was observed, leading
to decreased expression of p38 and MAPK8/9 with
increased translocation of dephosphorylated NFAT into the
nucleus (Ge et al., 2013). Cultured H9c2 cells 48 h after
transfection with a miR-350 vector exhibited up-regulation
of hypertrophic markers, a gradual change in morphology
from spindle to polymorphic, and increased cell surface area,
however at the same time they were also observed to shrink
in size, suggestive of the apoptosis seen during the later
stages of hypertrophy, dilated cardiomyopathy and heart
failure (Ge et al., 2013). These results suggest that miR-350 is
expressed during the transition phase of cardiac remodelling
in response to pressure overload, that is from hypertrophy
to dilated cardiomyopathy and eventually death (Ge et al.,
2013).
(7) microRNA-23a
The CN-NFAT signalling pathway can trigger expres-
sion of miR-23a. In response to stressful stimuli,
calcineurin-activated NFAT binds to the promoter region of
miR-23a≈27a≈24-2 resulting in expression of miR-23a and
subsequent cardiac hypertrophy (Lin et al., 2009). miR-23a
suppresses FOXO3A, which has a role in numerous cellular
and biological process including cardiac hypertrophy (Wang
et al., 2012). FOXO3A induces transcription of an antiox-
idant enzyme catalase which neutralizes reactive oxygen
species (ROS) resulting in down-regulation of myocardian
(MYOCD), a cofactor for SRF, hence preventing hypertro-
phy (Tan et al., 2008). Another target of miR-23a in addition
to FOXO3A is MURF1, which as previously explained is
an anti-hypertrophic protein and thus the microRNA can
convey a hypertrophic signal downstream of stress-induced
calcineurin activation (Lin et al., 2009).
(8) microRNA-328
Another microRNA, miR-328, when overexpressed in trans-
genic models, cultured cells or mouse hearts with induced
hypertrophy suppresses its target gene, SERCA2A, which
in turn results in increased intracellular calcium and acti-
vation of CN-NFAT signalling pathway (Li et al., 2014a).
SERCAgene isoforms 1–3 levels gradually increase and then
decrease with age with SERCA2A being the primary tran-
script during cardiogenesis and encoding for Ca2+-ATPase
pumps in the sarco/endoplasmic membrane that transport
Ca2+ into the sarco/endoplasm resulting in muscle relax-
ation (Arai, Matsui & Periasamy, 1994). Thirty-week-old
miR-328 transgenic mice display considerably hypertro-
phied hearts with shortened, hyper-contracted sarcomeres
evident of increased intracellular calcium along with struc-
tural disorganization of myofilaments (Li et al., 2014a).
(9) microRNA-22
miR-22 targets many genes involved in cardiac hypertrophy,
cardiomyocyte survival and cardiac aging. miR-22 was
shown to repress PTEN , which is a negative regulator of
PI3K, resulting in activation of the pro-hypertrophic PKB
signalling pathway evident by increased cell size and elevated
markers of hypertrophy in cultured cells (Xu et al., 2012).
As expected, attenuation of miR-22 resulted in decreased
hypertrophic changes in response to PE and angiotensin-II
stimulation (Xu et al., 2012). The absence of miR-22 also
predisposes the heart to chamber dilatation and dysfunction
during pressure overload with a rapid transition through
the compensatory hypertrophic phase (Gurha et al., 2012).
The fast changeover is due to decreased suppression of
purine-rich element binding protein B (PURB) that in turn
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inhibits transcription of positive cofactors of SRF such as
MYOCD and also through direct inhibition of cardiac
genes that encode for sarcomeric/contractile proteins (Gurha
et al., 2012). Important genes regulated by SRF including
SERCA2A, which as mentioned previously is responsible for
Ca2+ handling in muscle cells, and MHY7 , which encodes
for the required myosin content during compensatory
hypertrophy, were down-regulated (Gurha et al., 2012).
In addition, miR-22 suppresses SIRT1 and histone
deacetylase 4 (HDAC4 ); a cofactor of the MEF2 transcription
factor family (Huang et al., 2013). Mice lacking miR-22 had
dilated cardiomyopathy earlier than expected instead of a
physiological hypertrophy in response to functional stress by
various stimuli (Huang et al., 2013). As expected, transgenic
mice overexpressing miR-22 had hypertrophic hearts with
increased SRF and decreased levels of caveolin-3 (CAV3 ), an
inhibitor of hypertrophy (Gurha et al., 2012).
Overexpression of miR-22 in cardiac fibroblasts and
vascular smoothmuscle cells led to suppression ofmimecan, a
secretory protein, which resulted in increased chemotaxis and
senescence thus playing an important role in cardiac aging
(Jazbutyte et al., 2013). Expression levels of the microRNA
showed a progressively upward trend with age and increased
cardiac fibrosis later in life in conjugation with its role of
targeting mimecan (Jazbutyte et al., 2013). Thus, the role
of miR-22 appears to be crucial in cardiac morphological
makeover in reaction to stresswith knockoutmice progressing
to dilated cardiomyopathy with characteristic cellular death
and fibrosis instead of compensatory hypertrophy (Huang &
Wang, 2014).
(10) microRNA-155
Interestingly, cardiac hypertrophy can also be induced by
paracrine stimuli. Macrophages express high quantities
of miR-155 in response to inflammation through
Toll-like receptors (TLRs) which stimulates myeloid
differentiation factor 88 (MyD88) orTIR-domain-containing
adapter-inducing interferon-β (TRIF)-dependent pathways
(O’Connell et al., 2007). In the absence of miR-155
in macrophages, knockout mice had decreased cardiac
inflammation, hypertrophy and dysfunction to pressure
overload by TAC, whereas bone marrow transplant restored
miR-155 function (Heymans et al., 2013). In addition,
ventricular cardiomyocytes allowed to flourish in growth
media initially used to culture macrophages injected with
miR-155 antago-microRNA showed attenuated growth
suggesting cytokine involvement (Heymans et al., 2013).
The microRNA target identified was suppressor of
cytokine signalling 1 (SOCS1 ) (Heymans et al., 2013), which
inhibits janus kinase/signal transducers and activators of
transcription (JAK/STAT) pathway-mediated hypertrophy
and inflammation (Shi & Wei, 2012). It is believed that
phosphorylated STAT3 in macrophages phosphorylates
STAT3 in cardiomyocytes through paracrine signalling and
induces hypertrophy (Heymans et al., 2013).
Expression of miR-155 in cardiomyocytes was recently
validated as opposed to previous views. Absence or
inhibition of miR-155 in knockout mice resulted in decreased
hypertrophy and cardiac remodelling with slow progression
to dilated cardiomyopathy in response to TAC and
transgenic calcineurin activation (Seok et al., 2014). miR-155
targets jumonji AT-rich interactive domain 2 (JARID2) in
cardiac cells (Seok et al., 2014), which previously has been
shown to interact with the retinoblastoma protein (Rb) to
further suppress E2 transcription factors (E2F ) function with
consequently reduced expression of cyclin D1, cyclin D2 and
Cdc2 in the cell cycle and hence decreased proliferation (Jung
et al., 2005). ThemiR-155-JARID2-cardiac hypertrophy axis
needs further exploration.
(11) microRNA-489
miR-489 is equally expressed in all cardiac cell types and
is anti-hypertrophic by targeting MYD88, an important
adaptor protein in the TLR-4 mediated NF-kB activation
pathway which contributes to the development of cardiac
hypertrophy and promotes apoptosis (Ha et al., 2006). In
vitro, knockdown of the microRNA promoted cardiomyocyte
hypertrophy after angiotensin II stimulation whereas
overexpression led to reduced cell surface area and decreased
expression of hypertrophic markers (Wang et al., 2014).
Similar results were seen in transgenic models overexpressing
miR-489 and knockdown with antago-microRNAs (Wang
et al., 2014). miR-489 in turn is regulated by a long noncoding
RNA (lncRNA) named cardiac hypertrophy-related factor
(CHRF), which binds directly to the microRNA and is found
in cardiac cells during angiotensin II-stimulated hypertrophy,
in the hearts of mouse models with constricted aortas and in
cardiac tissue from human patients with heart failure (Wang
et al., 2014). Thus the axis of CHRF-miR489-MYD88 has
the potential for therapeutic application in which presence
of a microRNA may improve cardiac function.
VII. DIAGNOSTIC AND THERAPEUTIC VALUE
(1) microRNAs are potential biomarkers
microRNAs can be found circulating in the plasma similar
to protein biomarkers that may be specific to a disease
or the underlying pathology (Reid, Kirschner & van
Zandwijk, 2011; Siddeek et al., 2014). microRNAs are
protected from degradation by forming complexes with
circulating proteins or inclusion into protective shells such as
exosomes and apoptotic bodies (Gupta, Bang & Thum,
2010). Isolated RNA yields of microRNAs are low in
the serum and currently the most sensitive method of
detecting circulating microRNAs is reverse transcriptase
real-time PCR followed by normalization to synthetic C.
elegans or other endogenous circulating microRNAs (Gupta
et al., 2010). However expression levels of these endogenous
microRNAs are variable among patients with different risk
factors or after exposure to chemicals and drugs (Gupta
et al., 2010; Siddeek et al., 2014). Hence the best method to
normalize PCR data is arguable.
Biological Reviews 92 (2017) 1314–1331 © 2016 The Authors. Biological Reviews published by John Wiley & Sons Ltd on behalf of Cambridge Philosophical Society.
 45 
 
2. Antisense therapy 
2.12 Conclusions 
2.13 References 
MicroRNAs in a hypertrophic heart 1327
A number of cardiac microRNAs, including miR-1/133a
and miR-208a, have altered serum levels in cardiovascular
disease such asAMI, heart failure and coronary artery disease
(Gupta et al., 2010). Blood samples collected from rat models
of AMI showed that levels of miR-1/133a and miR-208a
peaked at 3–12 h and then decreased over the next 12 h
with miR-208a being undetectable 24 h after onset; a similar
pattern is observed in human patients with AMI (Wang et al.,
2010a). These trends mimic cardiac biomarkers already in
clinical use and thus may have a diagnostic role in the future.
Decreased miR-133a levels in the blood can also serve as
a predictive marker of cardiac hypertrophy in patients on
haemodialysis (Wen et al., 2014).
Several microRNAs were found to have altered levels
in the serum of patients with tissue rejection following a
heart transplant: miR-10a, miR-31, miR-92a and miR-155;
these may serve as non-invasive biomarkers, removing the
need for tissue biopsies (Duong Van Huyen et al., 2014).
Similarly, miR-199a-5p, miR-27a and miR-29a can aid as
potential prognostic markers in patients with hypertrophic
cardiomyopathy to assess left ventricular hypertrophy and
fibrosis (miR-29a only) (Roncarati et al., 2014). Hypertrophic
cardiomyopathy is a heritable disease thatmay go undetected
for many years prior to sudden death and hence regular
monitoring of these potential biomarkers may assist in the
prevention of fatal events.
(2) Antisense therapy
Antisense therapy uses a gain-of-function or microRNA
replacement strategy. The gain of function approach is
more widely acceptable and uses synthetic complemen-
tary sequences to the microRNA, anti-microRNA oligonu-
cleotides, that disallow formation of the RNA-silencing
complex or induce degradation of the microRNA, thus per-
mitting the targetmRNA to continuewith its function (Bader,
Brown & Winkler, 2010). The other approach restores the
function of a microRNA by introducing a synthetic mimic,
plasmid DNA or cofactor/promoter stimulating agents that
can then suppress the function of an undesirable or overex-
pressed gene (Zhang, Wang & Gemeinhart, 2013a).
Synthesizing chemically modified complementary
sequences to the precursor or mature microRNA can treat a
disease resulting from suppression of mRNAs bymicroRNAs
(Weiler, Hunziker & Hall, 2006). The modifications are
meant to increase target specificity and include addition
of 2′-O-methyl, 2′z-O-methoxyethyl and 2′-O-modified
(locked nucleic acid modified oligonucleotides) groups to the
oligonucleotide (Weiler et al., 2006). A study demonstrated
the pharmacological characteristics of antagomirs through
injecting anti-miR-122 and anti-miR-16 into rats and then
analysing their properties in all the major organs. It was
found that inhibition of miR-122 was dose dependent
and that levels of the inhibitor were detectable until
23 days after injection (Kru¨tzfeldt et al., 2005). Additionally,
bioavailability of anatgomir-16 was abundant in all tissues
except for the brain, possibly due to selective permeability
of the blood–brain barrier (Kru¨tzfeldt et al., 2005). Lastly,
raised blood alanine aminotransferase (ALT) levels, which
are an indicator of hepatotoxicity, were undetectable after
treatment suggesting that the synthetic oligonucleotides are
potentially safe for therapeutic use (Kru¨tzfeldt et al., 2005).
Delivery of a microRNA mimic or inhibitor is also crucial
in gene therapy and can be broadly grouped as synthetic
and viral delivery systems, both having their own sets of
benefits and limitations. Synthetic delivery systems include
liposomes, polyethylenimine (PEI)-based, dendrimers,
poly(lactide-co-glycolide) (PLGA) particles and natural
polymers like chitosan, protamine and collagen (Zhang et al.,
2013a). These synthesized particles have certain advantages
over viral systems such as modifiable composition, easy
synthesis and a reduced immune response (Zhang et al.,
2013a).
The use of synthetic oligonucleotides as mainstream
tools for genetic therapy is inevitable with our continuing
understanding of the function and downstream effects of
microRNA-led regulation of cellular process and pathways.
VIII. CONCLUSIONS
(1) Aging of the heart is a continuous process with the
journey starting from the embryonic formation of the heart
tube until the eventual death of cardiac cells due to various
pathological insults. Physiological cardiac hypertrophy is
part of the normal growth process whereas pathological
cardiac hypertrophy is a compensatory response to increased
cardiac and circulatory stress that leads to expression of
inherent myocardial genes. However, it is now believed
that the compensatory response may also result from fewer
terminally differentiated cardiomyocytes after birth forwhich
the heart makes up by increasing cell size.
(2) The HHR is a unique model to study cardiac
hypertrophy because myocardial remodelling is due to
inherent activation of hypertrophic genes in the absence
of any external stimuli.
(3) MicroRNAs are recognized to provide another layer of
regulatory control on cellular processes. Several microRNAs
have previously been investigated in hypertrophic hearts,
which can be potentially used as diagnostic and therapeutic
tools.
(4) It is necessary to continue investigating the various
cellular pathways regulated by these microRNAs and others
to understand cardiac adaptation better in the quest of
finding that perfect microRNA or combination as the
ultimate tool/s for genetic therapy.
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2.14 Postface 
Research on the role of microRNAs in pathological cardiac hypertrophy is ongoing. Since the 
time of publication of the review “MicroRNAs in a hypertrophic heart: from foetal life to 
adulthood”, noteworthy investigation has been published, which are briefly mentioned here. 
Recently, it was shown that inhibition of miR-146A and overexpression of the microRNA’s 
target gene dihydrolipoyl succinyltransferase (DLST); a rate-controlling tricarboxylic acid cycle 
enzyme, protected murine hearts that were subject to pressure-overload by blunting adaptive 
hypertrophy and cardiac dysnfucntion (Heggermont et al., 2017)1. 
Up-regulation of miR34a was shown to inhibit expression of BCL2, SIRT1 and CYCLIND1 in 
hearts of neonatal mice subject to myocardial infarction via coronary artery ligation. As a 
consequence, decreased proliferation and increased apoptosis of neonatal cardiomyocytes 
was observed with poor recovery of cardiac function2. Conversely, adult mice subject to similar 
myocardial infarction exhibited decreased cardiac remodelling and fibrosis with improved 
cardiac function when treated with an inhibitor of. miR-34a2. These results suggest regulating 
expression of miR-34a has the potential to improve prognosis after a myocardial infarction in 
mice.  
1Heggermont, W.A., Papageorgiou, A.-P., Quaegebeur, A., Deckx, S., Carai, P., Verhesen, W., et al. (2017) Inhibition of MicroRNA-
146a and Overexpression of Its Target Dihydrolipoyl Succinyltransferase Protect Against Pressure Overload-Induced Cardiac 
Hypertrophy and Dysfunction. Circulation Research 136, 747–761.. 
2Yang, Y., Cheng, H.-W., Qiu, Y., Dupee, D., Noonan, M., Lin, Y.-D., Fisch, S., Unno, K., Sereti, K.-I. & Liao, R. (2015) MicroRNA-34a 
Plays a Key Role in Cardiac Repair and Regeneration Following Myocardial Infarction. Circulation Research 117, 450–459. 
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Chapter-3: New insights into cardiac hypertrophy 
regulation by identification of novel microRNAs. 
3.1 Preface 
The hypertrophic heart rat (HHR) has cardiac hypertrophy as a compensatory response to lack 
of cardiac cells at the time of birth with apoptosis and decreased cell proliferation deliberated 
as the probable causes (Porrello et al., 2009). Many microRNAs have been implicated to 
regulate cardiac hypertrophy and associated pathogenesis as discussed in Chapter-2. However, 
none have been considered in neonatal HHRs until the analysis presented here. The aim of this 
study as discussed in Chapter-1 is to characterise neonatal HHRs in order to assess their 
potential as models of cardiac hypertrophy. Cardiac microRNAs that have altered expression 
in 2-days old HHRs are further validated and explored through bioinformatics analysis to 
contemplate their part in cellular pathways and biological processes in the pathogenesis of 
cardiac hypertrophy. Findings from this study will give the reader a unique and novel insight 
into the role microRNAs partake in cardiac remodelling. Detection of relevant cardiac 
microRNAs at an early age will enable improved understanding of their regulatory function 
amid altered expression of genes in the early stages cardiac hypertrophy. The microRNAs upon 
further investigation can serve as therapeutic targets for genetic therapy in treatment of 
cardiac hypertrophy and associated complications.  
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3.2 Article formatted for publication 
This chapter has been written in the style a journal article and will be submitted to PloS One in 
January/February, 2018. 
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3.3 Abstract 
Cardiac hypertrophy is a compensatory adaptation that involves activation of signalling 
pathways and consequential expression of pro-hypertrophic genes, resulting in altered cellular 
structure and function. The hypertrophic heart rat (HHR) provides an animal model for cardiac 
hypertrophy in the absence of hypertension. It is suggested that neonatal HHRs are born with 
smaller hearts due to a reduced number of cardiomyocytes, thus predisposing the heart to 
compensatory remodelling postnatally. Through understanding microRNA regulation of gene 
expression in this animal model, we uncover potential molecular regulators of cardiac 
hypertrophy. Cardiac weight indices revealed neonatal HHRs had larger hearts than controls, 
suggesting cardiac hypertrophy. MicroRNA validation identified altered expression of novel 
cardiac hypertrophy microRNAs miR-34a, miR-351 and miR-490*. Bioinformatics analysis of 
potential target genes revealed a range of potential biological pathways and processes related 
to development of cardiac hypertrophy including rat sarcoma (RAS), mitogen activated protein 
kinase (MAPK), thyroid and calcium signalling, apoptosis, cellular proliferation, renin-
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angiotensin-aldosterone system and myocardial disorders. Expression of this group of novel 
microRNAs is changed in HHR hearts and have the potential to regulate genes expressed in 
various biological pathways and processes that are implicated in cardiac hypertrophy. Thus, 
warranting further investigation for therapeutic validity and to establish their association with 
expression of microRNAs and related downstream effects on cardiomyocytes. 
3.4 Introduction 
Pathological cardiac hypertrophy is characterized by an increase in the size of cardiomyocytes, 
expansion of the contractile cardiac tissue and a switch to carbohydrate metabolism from fatty 
acid oxidation. This most commonly occurs to cope with high energy requisition in a 
comparatively hypoxic environment, such as that induced by hypertension, valvular disease 
and myocardial infarction (Shimizu & Minamino, 2016). As a result, many cellular processes 
and functions are altered, including cytoskeletal organization, cell size, cellular developmental 
growth and heightened muscle contraction leading to myocardial remodelling (Shimizu & 
Minamino, 2016). Pro-hypertrophic signalling pathways, such as RAS-MAPK and calcium-
calcineurin, are activated during cardiac remodelling to modify expression of key hypertrophic 
genes (Wilkins & Molkentin, 2004; Rose, Force, & Wang, 2010). Differences between 
physiological and pathological hypertrophy have been reviewed previously, with the key 
differences being an increase in apoptosis, collagen tissue deposition, up-regulation of foetal 
gene program (FGP) and altered expression of genes encoding contractile proteins in 
pathological hypertrophy (Sadiq et al., 2017). 
Expression of genes that are collectively named the FGP; atrial natriuretic peptide; ANP (NPPA), 
brain natriuretic peptide; BNP (NPPB), skeletal a-actin (ACTA1) and b-myosin heavy chain; β-
MHC (MYH7), are responsible for pathological cardiac remodelling (Barry, Davidson, & 
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Townsend, 2008). ANP and BNP are peptide hormones produced in response to stress on the 
cardiac wall and can regulate the blood pressure while limiting myocardial hypertrophy 
(Woods, 2004). β-MHC is a myosin filament with a reduced contractile function compared to ⍺-myosin heavy chain; ⍺-MHC (MYH6) and is predominantly expressed in hearts of rats during 
foetal life until birth, after which ⍺-MHC takes over as the dominant myosin filament (Morkin, 
2000). Skeletal ⍺-actin is a non-myosin cytoskeletal protein expressed only in foetal hearts, 
whereas cardiac ⍺-actin predominates in adult hearts, thus expression of skeletal ⍺-actin in 
adult cardiac muscle is considered to be a marker of cardiac hypertrophy and dysfunction 
(Driesen et al., 2009). Further, expression of genes of the FGP allow pre-natal maturation of 
the heart in priming a foetus for the hypoxic conditions faced throughout pregnancy up until 
delivery and during the neonatal period (Rajabi et al., 2007; Kuwahara, Nishikimi, & Nakao, 
2012). Altered or reintroduced expression of these foetal genes can also serve as biomarkers 
in various in vitro and in vivo models of pathological cardiac hypertrophy (Barry et al., 2008; 
Kuwahara et al., 2012). 
The HHR is a unique model with primary cardiomyocyte hypertrophy in the absence of 
significant hypertension, unlike the model’s predecessor, the spontaneously hypertensive rat 
(SHR) (Harrap et al., 2002). Genes indicative of cardiac hypertrophy have been verified via real-
time polymeric chain reaction (RT-PCR), including mitogen activated protein kinase 1 (MAPK1), 
which is a downstream component of the pro-hypertrophic RAS signalling pathway (Harrap et 
al., 2002; Heineke & Molkentin, 2006). Further research on HHRs suggests that a reduction in 
cardiac cell number in early neonatal life predisposes to compensatory cardiac hypertrophy 
during maturation towards adulthood (Porrello et al., 2009). Reduced cardiomyocyte 
proliferation with increased apoptosis is posited to result in smaller hearts at birth when 
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compared to normal heart rat (NHR) controls (Porrello et al., 2009). Cardiomyocytes isolated 
from 2-day old neonatal HHRs were shown to be smaller and increasingly bi-nucleated, 
indicative of premature exit from the cell cycle (Porrello et al., 2009). As such, it is apparent 
that altered biological pathways and processes occurring in hearts of neonatal HHR are possibly 
representative of the pathogenesis involved in cardiac growth restriction during foetal life with 
sequential cardiac hypertrophy. 
MicroRNAs are non-coding oligonucleotides that bind to complementary mRNAs resulting in 
suppression of gene expression (Sadiq et al., 2017). Mechanism of microRNA mediated gene 
silencing include degradation of the complementary sequence, inhibition of initiation and 
elongation of translation and deadenylation of mRNAs to prevent their reuse (Krol, Loedige, & 
Filipowicz, 2010). As a result of their regulatory characteristics, microRNAs have been under 
intense scrutiny as possible biomarkers and agents of therapeutic potential (Reid, Kirschner, & 
van Zandwijk, 2011; Siddeek et al., 2014). However, their definitive role in development and 
progression of cardiac plasticity remains ambiguous (Krol et al., 2010; Barwari, Joshi, & Mayr, 
2016). Several genes have been implicated as potential targets of microRNAs vital to 
cardiogenesis and development of cardiac disease, particularly pathological hypertrophy 
(Barwari et al., 2016; Sadiq et al., 2017). For instance, miR-1 and miR-133 are involved in 
regulating genes important for cardiogenesis such as NK2 homeobox 5 (NKX2.5) and MYH6, 
heart and neural crest derivatives expressed 2 (HAND2) and serum response factor (SRF) (Zhao, 
Samal, & Srivastava, 2005; Chen et al., 2006; Liu et al., 2008; Takaya et al., 2009). Another 
microRNA, miR-218a is responsible for safe passage of precursor cardiac cells during 
cardiogenesis through inhibition of axon guidance receptor homolog 1 (ROBO1) (Chiavacci et 
al., 2012). 
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In this study, we identified a select group of microRNAs whose expression was changed in 
neonatal HHRs and that could modulate hypertrophic remodelling. In addition, we have 
evaluated the phenotype of the neonatal HHR model, finding that cardiac hypertrophy has 
developed well before birth. Lastly, we have conducted bioinformatics analysis that predicts 
potential biological processes, which are regulated by the select microRNAs, identifying 
pathways intrinsic to pathologic cardiac hypertrophy. Understanding the influence these 
microRNAs exert on hypertrophic pathways is a vital step towards understanding the 
mechanisms of cardiac hypertrophy and identifying novel markers for therapeutic 
intervention. 
3.5 Methods 
1. Tissue harvest 
HHRs and NHRs were bred and housed at Deakin University (Waurn Ponds, Australia) following 
Deakin University Animal Ethics Committee approved procedures (AECG G03-2013). Standard 
housing conditions were maintained with a 12-hour light/dark cycle, room temperature at 19-
22 with all animals fed Barastocä Rat and Mouse Feed (Ridley, Australia). Male and female 
neonatal HHR (n=10) and NHR (n=10), at 2 days of age were culled by swift decapitation, the 
heart was harvested immediately post-mortem and washed in HEPES-Krebs buffer. After 
removing non-cardiac tissue, the atria were carefully dissected from the ventricles. Samples 
were weighed and rapidly frozen by immersion in liquid nitrogen and stored at -80°C. 
2. Microarray; hybridisation, acquisition and dataset pre-processing. 
In collaboration with Fadi.J.Charchar’s lab, RNA from cardiac tissue of 2-days old HHRs and 
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NHRs was isolated using miRNeasy (Qiagen, Australia). RNA quality was determined using the 
Agilent 2100 Bioanalyser (Agilent Technologies, USA) with only samples having a RNA Integrity 
Score (RIN) higher than “9” on 10-point scale considered for microarray analyses. Samples 
were hybridised to miRNA arrays (Agilent Technologies, product number G4471A, design 
031189) with microarray scanning performed by Ramaciotti Centre for Genomics (New South 
Wales, Australia) using standard protocols. Briefly, Cy3 fluorescently labelled cDNA was 
prepared from 100ng RNA using Agilent’s miRNA Complete Labelling and Hyb Kit and One-
Color RNA Spike-In kits. Individual cDNA samples were hybridised for 20hrs to rat 8x15k miRNA 
microarrays (Release 16.0, G4471A-046066, Agilent Technologies) then washed using the 
Agilent Gene Expression Wash Buffer Kit.  
Microarray fluorescent images were acquired using the Agilent G2565CA Microarray Scanner 
System, with data extraction performed using Feature Extraction Software (Version 10.7.3.1, 
Agilent) with the miRNA_107_Sep09 protocol for miRNA microarrays. 
3. RT-PCR analysis 
Small and large RNA was isolated from 2-days old HHR and NHR heart ventricles using 
mirVana™ miRNA Isolation Kit (Ambion®, Thermo Fisher, Australia) according to 
manufacturer’s protocol. Small RNA was quantified using Agilent Small RNA Kit with Small RNA 
Chips (Agilent Technologies, Australia) and Agilent Bioanalyzer 2100 (Agilent Technologies, 
Australia) following manufacturer instructions. Small RNA was reverse transcribed using 
TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems™, Thermo Fisher, Australia) 
and TaqMan® microRNA Assays (Applied Biosystems™, Thermo Fisher, Australia) using 
manufacturer’s recommended protocol. Large RNA was quantified using NanoVue (GE 
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Healthcare Life Science, Australia) and reverse transcribed using iScript™ cDNA Synthesis Kit 
(Bio-Rad, Australia). The cDNA generated was quantified using Quant-iT™ OliGreen® ssDNA 
Assay Kit (Invitrogen™, Thermo Fisher, Australia) and fluorescence was measured using Fusion-
Alpha HT (Perkin Elmer®, Australia) with the following parameters; Fluorescein 485, Emission 
Filter 535mm and Light Source Intensity; Level=1. Real-time PCR was performed using 
TaqMan® Universal PCR Master Mix, No AmpErase® UNG (Applied Biosystems™, Thermo 
Fisher, Australia), TaqMan® Gene Expression Assays (Applied Biosystems™, Thermo Fisher, 
Australia) and TaqMan® microRNA Assays (Applied Biosystems™, Thermo Fisher, Australia) 
according to manufacturer’s guidelines. 
4. Bioinformatics analysis 
The microarray dataset was cleaned to remove features where the processing signal was less 
than 2-fold variance from background and detected in at least five of the eight replicates. 
Overall 2,861 microRNAs fulfilled the selection criteria with greater than 85% (n=2,425) of 
those genes having seven or more values for each the eight replicates per treatment group. 
The resultant data was normalized to the 75th percentile value for each array as recommended 
by Agilent Technologies. 
Fig 3.1 outlines the protocol of the target gene prediction analysis undertaken. Potential target 
genes for the microRNAs were determined using Ingenuity Pathway Analysis; IPA (Qiagen) that 
uses predicted miRNA-mRNA relationship database of TargetScan (Whitehead Institute for 
Biomedical Research, Massachusetts, USA). The parameters were set as follows: reference set; 
‘Ingenuity Knowledge Base’, relationships; ‘direct’ and ‘indirect’, species; ‘rat’ and prediction 
confidence; ‘high’, ‘moderate’ or ‘experimentally observed’. TargetScan defines a ‘high’ 
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prediction level as a miRNA suppressing the target mRNA expression level to 40% of the normal 
level where as ‘moderate’ is 65%. Target genes for further analysis were chosen based on the 
prediction level of either ‘high’ or ‘moderate’ and experimentally observed. 
 
Fig 3.1. Outline of steps taken in gene set enrichment analysis (GSEA). 
MicroRNAs that were revealed to be differentially expressed between the HHR and NHR on microarray were 
further validated by RT-PCR. A list of target genes of each validated microRNA was populated using IPA, with genes 
that were experimentally verified or had a prediction confidence score of ‘high-moderate’ chosen for further 
analysis. Gene set enrichment analysis (GSEA) was performed using DAVID to ascertain KEGG_Pathways and 
GOTERMS_BP that may potentially be regulated by the validated microRNAs. 
Gene Set Enrichment Analysis (GSEA) of potential target genes was performed to examine 
enrichment of cellular pathways (KEGG_Pathways) and Gene Ontology biological processes 
(GOTERMS_BP) using DAVID (Database for Annotation, Visualization, and Integrated Discovery, 
Bioinformatics Resources 6.8, NIAID, NIH) (Huang, Sherman, & Lempicki, 2009a; 2009b). 
Additionally, results from enrichment of GOTERMS_BP were refined by means of 
Microarray analysis
Predict target genes of validated microRNA using IPA
Gene set enrichment analysis (GSEA) using  
David Functional Annotation Tool
Validation of candidate microRNAs using RT-PCR
Selection criteria of predicted genes for further analysis: 
▸ Experimentally verified 
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pathophysiological descriptors for cardiac hypertrophy. Further analysis to compare and 
identify KEGG_Pathways and GOTERMS_BP was performed using Excel (Microsoft®). 
5. Statistics 
Statistical analysis was performed using Prism GraphPad 7.0. Cardiac weight index (CWI) was 
calculated by dividing total-heart weight (mg) and ventricle-weight (mg) by the total-body 
weight (g) respectively (Dwyer et al., 2008; Porrello et al., 2009). Student’s t-test was used to 
compare CWI between HHRs and NHRs with p<0.05 considered significantly different. Results 
are shown as a mean with standard error of mean (±SEM). 
For gene and microRNA expression statistical analysis, average cycle threshold (Ct) with “2” 
standard deviation (±2 SD) were compared between HHRs and NHRs using student’s t-test with 
p<0.05 considered significantly different. Fold change in expression of microRNAs and mRNAs 
was calculated using the formula 2DCt. Results are shown as a mean with standard error of 
mean (±SEM). 
3.6 Results 
1. Cardiac Hypertrophy in the HHR 
At 2 days of age, the HHR population used in this study had an unexpectedly higher (p<0.01) 
total-heart CWI (7.29±0.07mg/g), n=10, compared to NHR (6.26±0.34mg/g), n=10, in contrast 
to previous findings, indicating cardiac hypertrophy occurring during foetal life or within 2 days 
after birth, Fig 3.2A (Porrello et al., 2009, Marques et al., 2016). Similarly, the total-ventricle 
CWI was higher in the HHRs (5.73±0.14mg/g) in comparison to NHRs (4.61±0.26mg/g) 
(p<0.01), Fig 3.2B. No difference was detected between body weights of the HHR and NHR 
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(p=0.71), Fig 3.2C. 
  
 
Fig 3.2. Results of cardiac phenotypical measurements. 
Heart, ventricle and body weights were measured and cardiac weight (mg) to body (g) indices were calculated. At 
2-days of age, (A) heart-to-body (mg/g) ratio and (B) ventricle-to-body(mg/g) ratio were significantly higher in the 
HHR (p<0.01) than the NHR control, which is suggestive of an enlarged heart including the ventricle. (C) The body 
weights of HHR and NHR were similar at 2-days of age. ** refers to p<0.01 
Next, we measured expression of recognised biomarkers of cardiac hypertrophy in cardiac 
tissue via RT-PCR. mRNA expression of foetal gene program biomarkers NPPA (p=0.01) and 
NPPB (p<0.01) were significantly higher in HHR than in controls. Furthermore, MAPK1 (p<0.01) 
was also found to be significantly higher in HHRs when compared to NHR. No difference in 
expression of MYH7 (p=0.12) and ACTA1 (p=0.52) was observed between 2-days HHRs and 
control. Fig 3.3 summarises fold changes in expression of cardiac biomarkers. 
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Fig 3.3. Expression of genetic biomarkers of cardiac hypertrophy in the HHRs and NHRs. 
The figure illustrates expression of genetic biomarkers for cardiac hypertrophy in the hearts of HHRs as a fold 
change in comparison to the control. Expression of NPPA and NPPB are >2.0 in fold change, and MAPK1 has a fold 
change of >1.5. Increased levels of ANP and BNP are indicative of stress on the myocardial wall and are cardio-
protective in function. MAPK1 is a downstream regulator of the pro-hypertrophic MAPK signalling pathway. Fold 
changes in expression of MYH7 and ACTA were insignificant. 
2. Microarray analysis of miRNA expression & RT-PCR validation 
Using micro-array analysis, 107 microRNA were detected as significantly up or down regulated 
with and unadjusted p-value of p<0.05, “Table 3.1”, (detailed results are tabulated in Table S1). 
The top eight microRNAs from the microarray analysis were considered for further evaluation. 
Microarray analysis revealed that 7 of the 8 selected microRNAs under investigation were up-
regulated in 2-day old HHRs, except for miR-466b, which is down-regulated by a fold change 
of -54.65. miR-34a exhibited the greatest positive fold change of 2.45 (p=3.07e-07). 
Interestingly, the results also include three microRNAs; miR-378*, miR-490* and miR-675*, 
that are believed to be non-dominant (indicated by the asterisk in the nomenclature) due to 
NP
PA
NP
PB
MY
H7
AC
TA
1
MA
PK
1
-2
-1
0
1
2
3
4
Fo
ld
 C
ha
ng
e 
(±
SE
M
) NHR
HHR
* ***
***
No Fold Change
 63 
lack of reported expression. This study offers an indication into their potential role in cardiac 
disease that, to our knowledge, has not previously been documented. 
Table 3.1. Summary of results from microarray analysis 
Probeset ID p-value Fold Change(HHR/NHR) 
rno-miR-34a 3.07e-07 2.45 
rno-miR-378* 8.87e-06 1.63 
rno-miR-378 9.52e-06 1.68 
rno-miR-218 7.17e-05 1.64 
rno-miR-466b 1.19e-04 -54.65 
rno-miR-490* 1.76e-04 1.47 
rno-miR-675* 1.66e-04 1.47 
rno-miR-351 2.08e-04 1.48 
rno-miR-674-3p 2.40e-04 1.48 
rno-miR-3085 3.00e-04 -1.13 
rno-miR-214 3.45e-04 1.40 
rno-miR-410 5.21e-04 1.66 
rno-miR-503 6.24e-04 1.45 
rno-miR-199a-5p 9.37e-04 1.45 
rno-miR-490 1.09e-03 1.39 
rno-miR-431 1.02e-03 1.57 
rno-miR-199a-3p 2.18e-03 1.37 
rno-miR-542-5p 2.65e-03 1.36 
rno-miR-329 3.71e-03 1.51 
rno-miR-300-3p 3.54e-03 1.52 
rno-miR-423* 3.97e-03 14.32 
rno-miR-483 4.17e-03 1.16 
rno-miR-542-3p 4.35e-03 1.32 
rno-miR-322* 4.59e-03 1.36 
rno-miR-500 5.56e-03 -1.30 
rno-miR-532-3p 5.44e-03 -1.29 
rno-miR-223 7.10e-03 -1.10 
rno-miR-484 6.98e-03 1.24 
rno-miR-1949 6.94e-03 1.28 
rno-miR-18a 7.03e-03 1.33 
rno-miR-106b* 7.54e-03 1.29 
rno-miR-450a 7.64e-03 1.33 
rno-let-7b 9.31e-03 1.23 
rno-let-7c 9.05e-03 1.23 
rno-miR-335 8.73e-03 1.32 
rno-miR-487b 8.56e-03 1.48 
rno-miR-341 9.14e-03 12.07 
rno-miR-3584-5p 1.36e-02 -49.79 
rno-miR-362 1.32e-02 -1.36 
rno-miR-92a 1.22e-02 1.21 
rno-miR-99b 1.06e-02 1.22 
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rno-let-7e 1.30e-02 1.22 
rno-miR-128 1.14e-02 1.25 
rno-miR-99a 1.26e-02 1.26 
rno-miR-20a 1.33e-02 1.28 
rno-miR-19b 1.00e-02 1.29 
rno-miR-19a 1.08e-02 1.29 
rno-miR-434 1.32e-02 1.31 
rno-miR-127 1.30e-02 1.32 
rno-miR-101b 1.40e-02 1.32 
rno-miR-379 1.09e-02 1.38 
rno-miR-136 1.30e-02 1.59 
rno-miR-31 1.39e-02 9.60 
rno-miR-598-3p 1.04e-02 11.58 
rno-miR-342-3p 1.59e-02 1.21 
rno-miR-185 1.63e-02 1.26 
rno-miR-17-5p 1.60e-02 1.29 
rno-miR-411* 1.62e-02 1.34 
rno-miR-338 1.53e-02 7.75 
rno-miR-466b-1* 1.66e-02 -1.22 
rno-miR-92b 1.77e-02 -1.32 
rno-miR-328a* 1.95e-02 -9.66 
rno-miR-20b-5p 1.92e-02 1.28 
rno-miR-376a 1.91e-02 1.63 
rno-miR-211* 1.98e-02 -9.87 
rno-miR-130a 2.12e-02 1.23 
rno-miR-652 2.36e-02 1.20 
rno-miR-133a* 2.33e-02 1.22 
rno-miR-361 2.46e-02 1.22 
rno-miR-30e* 2.50e-02 1.23 
rno-let-7f 2.68e-02 1.21 
rno-miR-133a 2.83e-02 1.21 
rno-miR-26b 2.81e-02 1.22 
rno-miR-455* 2.92e-02 1.13 
rno-miR-30a* 2.97e-02 1.22 
rno-miR-101a 2.91e-02 1.24 
rno-miR-347 2.98e-02 1.35 
rno-miR-106b 3.13e-02 1.22 
rno-miR-144 3.10e-02 1.32 
rno-miR-140 3.22e-02 1.20 
rno-miR-324-5p 3.21e-02 1.22 
rno-miR-32* 3.38e-02 -15.67 
rno-miR-150 3.46e-02 -1.23 
rno-miR-3573-3p 3.38e-02 -1.09 
rno-miR-151 3.51e-02 1.19 
rno-miR-331 3.49e-02 1.20 
rno-miR-322 3.54e-02 1.21 
rno-miR-221 3.48e-02 10.69 
rno-miR-125b-5p 3.59e-02 1.20 
rno-miR-28 3.65e-02 1.21 
 65 
rno-miR-25 3.73e-02 1.21 
rno-miR-1 3.79e-02 1.18 
rno-miR-98 3.86e-02 1.21 
rno-miR-15b 3.97e-02 1.18 
rno-miR-93 3.99e-02 1.22 
rno-miR-455 3.99e-02 1.25 
rno-miR-324-3p 4.28e-02 1.28 
rno-miR-451 4.27e-02 1.29 
rno-miR-107 4.34e-02 1.20 
rno-miR-21* 4.43e-02 5.70 
rno-miR-382 4.40e-02 7.99 
rno-miR-3588 4.54e-02 -12.24 
rno-miR-130b 4.77e-02 1.19 
rno-miR-148b-3p 4.80e-02 1.20 
rno-miR-30b-5p 4.64e-02 1.21 
rno-miR-152 4.78e-02 1.23 
rno-miR-29b 4.68e-02 1.26 
 
Further validation of the eight-selected microRNA by RT-PCR showed expression of four 
microRNA were significantly regulated; miR-34a, miR-378*, miR-490* and miR-351. The results 
are shown in “Table 3.2”. Fold changes of these microRNA generally mirrored the changes 
observed using microarray, except for miR-490*, which was down-regulated from the RT-PCR 
analysis. Even though miR-466b had a large downregulated fold change on the microarray, it 
was not significantly different when validated by RT-PCR and thus not considered for further 
analysis. This inconsistency obtained from two widely accepted methods of transcriptome 
analysis may be attributable to lack of sensitivity of microarrays compared to RT-PCR on 
occasions when expression of a target sequence is very low. 
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Table 3.2. Summary of results from RT-PCR validation 
microRNAs that were found to be significant on microarray were arranged in an ascending order increasing p-
values with estimated fold changes. The first eight microRNAs were validated further using RT-PCR. Four 
microRNAs were found to be significantly (p<0.05) differentially expressed in HHRs; miR-34a, miR-378*, miR-490* 
and miR-351. Except for miR-490*, the microRNAs follow the same trend in fold change between the two methods 
of gene validation. p <0.05 for RT-PCR are denoted by an asterisk (*) 
Probe Set ID 
RT-PCR 
p-value Fold Change (HHR/NHR) 
rno-miR-34a 1.00e-03* 1.77 
rno-miR-378* 2.40e-02* 1.31 
rno-miR-378 7.80e-02 -2.23 
rno-miR-218 1.94e-01 -1.39 
rno-miR-466b 2.37e-01 -1.57 
rno-miR-490* 3.27e-01* -2.35 
rno-miR-675* 1.97e-01 -1.78 
rno-miR-351 1.00e-02* 1.96 
 
3. Bioinformatics Analysis  
Initial analysis of possible target genes using IPA revealed several thousand candidate genes 
for each microRNA that were either verified or had a TargetScan prediction confidence of ‘high 
to medium’. In summary, miR-34a has 1476 potential target genes, whereas miR-351 has 1531 
genes and miR-490* has 384 genes (Tables; S2.1, S2.2 & S2.3). Results for miR-490* revealed 
no experimentally verified target genes for this microRNA in rats, however there is a previously 
verified target gene, FBJ murine osteosarcoma viral oncogene homolog (c-FOS), that is involved 
in cellular proliferation in human bladder cancer (Li et al., 2013) thus warranting further 
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investigation. 
4. Pathway Enrichment Analysis 
The comparison of biological and cellular pathways that are enriched by target genes of miR-
34a, miR-351 and miR-490* is shown in Fig 3.4, and a list of pathways associated to cardiac 
hypertrophy that are potentially regulated by these microRNAs is presented in Table 3.3. 
Additional details are provided in supporting information; Tables S3.1, S3.2, S3.3 and S3.4. 
 
Fig 3.4. Venn-diagram summarising number of KEGG_Pathways potentially regulated by microRNAs under 
investigation either individually or communally. 
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Table 3.3. Summary of KEGG pathways associated with cardiac hypertrophy. 
KEGG Pathway Entry miR-34a miR-351 miR-490* 
RAS signalling pathway rno04014 X X X 
Oestrogen signalling pathway rno04915 X  X 
Adrenergic signalling in cardiomyocytes rno04261 X X  
MAPK signalling pathway rno04010 X X  
PI3K-AKT signalling pathway rno04151 X X  
Calcium signalling pathway rno04020  X  
Thyroid hormone signalling pathway rno04919 X   
Hypertrophic cardiomyopathy (HCM) rno05410 X   
Dilated cardiomyopathy (DCM) rno05414 X   
 
Together, the results from the analysis indicate miR-34a is likely to regulate several pathways 
related to cancer, signalling mechanisms and cardiomyopathy. miR-351 is predicted to 
modulate several pathways associated with various cancers, metabolism and signalling 
pathways. Interestingly, genes in pathways linked to viral infections such as measles and 
hepatitis B & C are also indicated targets of miR-351. miR-490* is predicted to modulate 
pathways in signalling mechanisms, infections, purine metabolism and endocrine function. The 
three microRNAs appear to regulate similar pathways with neuronal axon guidance, oxytocin 
and RAS signalling pathways found to be common in all three. miR34a and miR-490* target 
genes involved in thyroid hormone synthesis, oestrogen signalling and circadian rhythm. miR-
34a and miR-351 possibly regulate pathways related to various cancers such as prostate 
cancer, melanomas and chronic myeloid leukaemia. Other pathways enriched by miR-34a and 
miR-351 were cellular metabolism, endocytosis, and signalling mechanisms including MAPK, 
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phosphoinositide-3-kinase (PI3K-AKT), wingless-type MMTV integration site family (WNT) and 
adrenergic signalling. Pathways grouped using physiological and pathological descriptors allow 
additional insight into individual roles of our microRNAs and are shown in Fig 3.5. 
 
Fig 3.5. Summary of KEGG_Pathway regulated by miR-34a, miR-351 and miR-490*. 
The graph summarises KEGG_Pathways modulated by miR-34a, miR-351 and miR-490* that have been 
categorised using physiological and pathological descriptors. miR-34a and miR-351 are suggested to modulate 
genes in pathways associate with signalling mechanisms, cancer and common cellular functions. miR-34a and miR-
490* seem to have a role in regulating endocrine function. miR-34a in particular is predicted to regulate biological 
pathways associated with depression, drug abuse and myocardial disease. Whereas miR-351 appears to be 
regulating pathways linked with viral infections and cellular metabolism. 
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5. Predictive analysis of biological processes 
We found several hundred gene ontology terms related to biological process (GOTERMS_BP) 
for each microRNA. Additional details are provided in supporting information; Tables S4.1, S4.2 
and S4.3. The terms were further narrowed using keywords relevant to pathogenesis of cardiac 
hypertrophy, a comparison of the number of GOTERMS_BP is shown in Fig 3.6 and Table S4.4. 
 
Fig 3.6. Venn-diagram summarising number of GOTERMS_BP potentially regulated by microRNAs under 
investigation either individually or communally. 
19 biological processes were found to be regulated by miR-34a, miR-351 and miR-490* as a 
group. The pathways identified are involved in structural development of the heart, cellular 
proliferation and development associated with cardiogenesis, apoptosis and stress induced 
MAPK signalling pathway (Table S4.4). 62 biological processes were common and enriched by 
both miR-34a and miR-351, 11 between miR-34a and miR-490* and 7 between miR-351 and 
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miR-490*. Regulation of heart contraction and blood circulation may be commonly effected 
by miR-34a and miR-490*, whereas regulation of muscle development, cellular proliferation 
and calcium handling across a transmembrane channel are predicted biological processes that 
miR-34a and miR-351 are commonly modulating.  
A summary of biological processes categorised using descriptors of pathogenesis of cardiac 
hypertrophy is shown in Fig 3.7. miR-34a is speculated to modulate many biological processes 
associated with cardiogenesis, calcium handling, apoptosis, muscle contraction, MAPK 
signalling pathway and angiogenesis. Amongst the three microRNAs, miR-34a is predicted to 
predominantly regulate cardiovascular homeostasis via related pathways. miR-351 is proposed 
to regulate processes involved in apoptosis, cardiogenesis, cell size, and MAPK signalling 
pathway. Lastly, miR-490* is predicted to play a limited but vital role in modulating processes 
related to cardiac conduction and muscle contraction. Taken together, these results indicate 
that the three candidate microRNAs regulate processes in cardiomyocytes that are closely 
associated with development of cardiac hypertrophy. 
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Fig 3.7. Summary of GOTERMS_BP regulated by miR-34a, miR-351 and miR-490*. 
The graph summarises various biological processes being modulated by miR-34a, miR-351 and miR-490* that have 
been categorised using descriptors associated with development of cardiac hypertrophy. The three microRNAs 
are suggested to regulate process related to cell cycle, cytoskeletal organisation and cell development and 
maturation. miR-34a and mR-351 are predicted to target genes in processes associated with angiogenesis, 
apoptosis, cardiogenesis and RAS/MAPK signalling, while miR-34a and miR-490* appear to control processes 
accompanying muscle contraction. Individually, miR-34a is suggested to target genes in calcium handling, miR-
351 in cell size and miR490* in cardiac conduction. 
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3.7 Discussion 
The aims of our study were to characterise the HHRs at 2 days of age, identify novel microRNAs 
that are differentially expressed in this rat model and finally evaluate their potential role in 
cardiac hypertrophy through GSEA, which allowed identification of novel pathways and 
biological processes. 
1. HHR phenotypical changes 
The HHR is a unique and verified model to study inherent determinants of primary pathological 
cardiac hypertrophy linked with hypertension (Harrap et al., 2002; Dwyer et al., 2008). The 
HHR model does not have a detectable increase in blood pressure, yet develops myocardial 
hypertrophy (Harrap et al., 2002). Previous research on the HHR suggests genes involved in 
the pro-hypertrophic RAS-MAPK signalling pathway; DnaJ heat shock protein family (Hsp40) 
member A3 (DNAJA3), G-protein subunit gamma 5 (GNG5), RAS-related protein Rab-12 
(RAB12) and MAPK1, are over-expressed in adult rats along with NPPB (Dwyer et al., 2008). 
Furthermore, it is proposed that apoptosis together with reduced cellular proliferation during 
foetal life of the rat may result in a lower number of cardiac cells at birth, thus resulting in a 
smaller heart with subsequent and consequential compensatory myocardial hypertrophy 
(Porrello et al., 2009). The signalling pathways involved in foetal cardiac development are 
unclear although increased PI3K-AKT and reduced p38 mitogen-activated protein kinases; p38-
MAPK (MAPK14) signalling are speculated to be responsible (Porrello et al., 2009) 
In the population studied, the HHR neonates appear to be born with an increased cardiac to 
body weight index (Tables S5.1 & S5.2), which is counter to previous studies, and suggests a 
prenatal onset of compensatory remodelling (Porrello et al., 2009; Marques et al., 2016). 
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However, caution should be taken in interpreting this finding and further studies are 
recommended. We predict that the difference in expected CWI is a result of genetic drifts and 
instability with successive inbreeding, the effects of which may not be noted for several 
generations and are a recognised limitation of using animal models (Billings, Hubbard, & 
Newman, 1999; Casellas, 2011). The hearts on gross examination had no visible cardiac defects 
and rats grew and bred without complication. Our results showed that cardiac expression of 
NPPA and NPPB were higher in 2-day old HHRs, indicating stress on the myocardium in 
response to cardiac remodelling. We did not see any significant changes in expression of MYH7 
and ACTA1, a likely explanation being the rapid changes in gene transcription around 2-days of 
age may have curtailed expression of these biomarkers. Measuring expression of other genetic 
markers of cardiac hypertrophy including MYH6 and sarco/endoplasmic reticulum Ca²⁺-ATPase 
(SERCA) may be considered in future studies on heart of 2-days old HHRs. Therefore, taking 
into account CWI and gene expression results, HHRs at 2-days of age have myocardial 
hypertrophy in comparison to the NHRs and provide a good model for identifying novel 
inherent genes of primary cardiac hypertrophy that are expressed during early neonatal life. 
2. Novel microRNAs and their role in cardiac hypertrophy 
Our research is the first to implicate miR-34a, miR-351 and miR-490* in cardiac hypertrophy. 
In addition, as expected, the microarray analysis revealed some but not all previously reported 
microRNAs involved in cardiac hypertrophy. A plausible explanation being the HHR is a model 
of primary cardiac hypertrophy as mentioned earlier in contrast to animal models of induced 
cardiac remodelling. Previous research has shown that inhibition of the miR-34 family 
significantly moderated progression of ventricular wall remodelling in mouse models with pre-
existing cardiac dysfunction and hypertrophy (Bernardo et al., 2012). miR-34a also regulates 
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expression of anti-apoptotic genes; sirtuin-1 (SIRT1), aldehyde dehydrogenase-2 (ALDH2), B-
cell CLL/lymphoma-2 (BCL2) and phosphatase-1 nuclear-targeting subunit (PNUTS) (Sadiq et 
al., 2017). Preceding research on miR-351 revealed expression of this microRNA is temporarily 
up-regulated in myogenic progenitor cells (MPCs) following chemically induced injury and 
promotes proliferation, differentiation and protection of MPCs from apoptosis by targeting a 
member of the E2 transcription factors (E2F); E2F3 (Chen et al., 2012). The E2F family is shown 
to allow cardiomyocytes to transit through the G1/S phase of the cell cycle after PE stimulation 
resulting in hypertrophy (Vara et al., 2003). Lastly, an overexpression study of miR-490* 
arrested bladder cancer cells in G1 phase of the cell cycle, which considerably reduced 
proliferation and the contributing target gene was suggested to be c-FOS (Li et al., 2013). 
Expression of c-FOS is also considered to be up-regulated during PE stimulated cardiac 
hypertrophy via the RAS signalling pathway (Babu et al., 2000). Altered expression of these 
unique set of microRNAs in hypertrophied hearts of neonatal HHRs warrants further 
investigation. 
GSEA enabled identification of several cellular pathways and biological processes that are 
potentially regulated by this newly identified set of microRNAs, including pathways established 
in pathogenesis of cardiac hypertrophy were identified (Table 3.3). The RAS signalling pathway 
appears to be modulated by the three-identified microRNA (miR-34a, miR-351 and miR-490*). 
This pathway is pro-hypertrophic in nature via activation of RAS-RAF1-MAPK1/2 intracellular 
signalling proteins (Sugden & Clerk, 2000). Furthermore, genes in MAPK signalling, PI3K-AKT 
signalling and adrenergic signalling pathways are potentially regulated by miR-34a and miR-
351. Overexpression studies of MAPK signalling including extracellular signal-regulated kinases 
(ERKs), c-Jun amino-terminal kinase (JNK) and MAPK14, have shown collective induction of 
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these pathways result in pathological myocardial remodelling (Muslin, 2008). The PI3K-AKT 
signalling pathway is considered to be cardio-protective through promotion of cardiac cell 
growth and development, whilst opposing apoptosis and fibrosis (Tham et al., 2015). 
Adrenergic signalling is relayed via ɑ and β adrenergic receptors (ARs), whilst activation of ɑ1B-
AR and knockout of β1/2-AR was shown to result in significant cardiac hypertrophy (Wang et 
al., 2000; Kiriazis et al., 2008). miR-351 may regulate genes via calcium signalling pathway as 
an increase in intracellular calcium primarily due to increased sarco/endoplasmic reticulum 
Ca²⁺-ATPase (SERCA) pump activity results in activation of pro-hypertrophic calcineurin-
nuclear factor of activated T-cells (NFAT) signalling pathway (Wilkins & Molkentin, 2004; 
Fearnley, Roderick, & Bootman, 2011). Similarly, oestrogen signalling is potentially modulated 
by miR-34a and miR-490*. Activation of nuclear oestrogen receptors (ERs); ERɑ and ERβ, is 
believed to be cardio-protective through activation of PI3K-AKT signalling pathway with 
consequential reduction in p53 induced apoptosis and inhibition of calcineurin and p38-MAPK 
mediated cardiac remodelling (Luo & Kim, 2016).  
miR-34a is furthermore speculated to modulate thyroid hormone signalling, a well-established 
regulator of cardiac activity, physiological myocardial hypertrophy and expression of genes 
involved in FGP (Klein & Danzi, 2007). miR-34a potentially targets several genes in the p53 
signalling pathway. p53 is a tumour suppressor that can repair damaged DNA, prevent cell 
proliferation via cellular senescence and promote apoptosis (Muller & Vousden, 2014). 
Expression of p53 was shown to be decreased in cardiac tissue of neonatal HHRs, potentially 
as a protective response to a decreased pool of cardiomyocyte at birth (Porrello et al., 2009). 
Further, miR-34a may regulate genes involved in the cellular pathways of hypertrophic 
cardiomyopathy, which is an autosomal dominant genetic condition characterized by primary 
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left ventricular hypertrophy due to activation of calcium-calcineurin and MAPK signalling in 
response to genetic mutations (Marian & Braunwald, 2017). This microRNA is also thought to 
regulate genes in pathways associated with dilated cardiomyopathy, leading to left ventricular 
dilatation and contractile dysfunction with progression to heart failure, often with preceding 
hypertrophic remodelling in individuals with long standing hypertension (Drazner, 2011; 
Weintraub, Semsarian, & Macdonald, 2017).  
Together, this novel set of validated microRNAs in hearts of 2-days old HHRs displaying 
hypertrophy link several cellular pathways that are associated with cardiac remodelling. As 
such, further investigation into potential microRNA-target gene interaction is merited to 
establish their regulatory function and unlock potential therapeutic interventions. 
3. Novel pathways potentially regulated 
Gene set enrichment analysis has identified pathways that have not been previously reported 
to have a noteworthy role in cardiac hypertrophy. These novel pathways are linked to axon 
guidance, oxytocin signalling, sphingolipid signalling, pathways regulating pluripotency of stem 
cells and the circadian rhythm and associated regulatory microRNAs are potential targets for 
therapeutic intervention. Anti-sense therapy uses a gain-of-function and microRNA 
replacement strategy involves blocking a microRNA using complementary sequences or 
replacing it with an appropriate mimic respectively (Bader, Brown, & Winkler, 2010; Zhang, 
Wang, & Gemeinhart, 2013). 
In addition, pathways associated with renin secretion are potentially modulated by miR-490*, 
whereas pathways involved in aldosterone synthesis, secretion and sodium reabsorption from 
the kidneys are potentially being modulated by miR-34a. Understanding the role for the renin-
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angiotensin-aldosterone-system in the development of cardiac hypertrophy has been 
challenging due to difficulties in elucidating its role in an intact and complete biological system 
(Cowan & Young, 2009).  
In addition, miR-34a might regulate genes involved in biological processes concerning cardiac 
chamber development and maturation during foetal life. Dysregulation of these processes 
results in congenital heart conditions such as Tetralogy of Fallot, a post-natal disease primarily 
of the right ventricle amid consequential chamber dilation, conduction defects and heart 
failure (Starr, 2010; Romero et al., 2013). Furthermore, the analysis suggests miR-34a 
potentially regulates cellular pathways related to long-term depression. Various mechanisms 
linking depression with heart disease have been proposed, including dysfunctional autonomic 
nervous system and genetic predisposition (Hare et al., 2014). Interestingly, expression of miR-
34a was revealed to be downregulated in the brains of depressed individuals who had 
committed suicide (Dwivedi, 2014). The regulatory role of miR-34a on various genes in these 
pathways needs further investigation to gain further understanding of their part in 
development of cardiac hypertrophy. 
3.8 Conclusion 
This paper is the first to confirm presence of cardiac hypertrophy in 2-day old HHR and has 
established differential expression of miR-34a, miR-351 and miR-490* in this rat model at this 
age. The HHR has cardiac hypertrophy in the absence of hypertension that we indicate may 
manifest earlier than previously shown (Porrello et al., 2009; Marques et al., 2016). This is 
confirmed by an increase in expression of NPPA, NPPB & MAPK1 along with a greater CWI. 
Additionally, we identified and evaluated the role of microRNAs in cardiac remodelling. 
Further, a unique set of microRNAs; miR-34a, miR-351 and miR-490*, have the potential to 
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regulate several signalling pathways and features that are characteristic of cardiac hypertrophy 
including RAS, MAPK, calcium signalling, apoptosis and downstream effects of oestrogen and 
thyroid hormone activation.  
This study has further identified novel pathways potentially regulated by microRNAs that have 
previously not been reported to have a significant role in cardiac hypertrophy such as 
sphingolipid signalling, renin secretion, effects of aldosterone, long term depression, axon 
guidance and oxytocin signalling. These results show promise for future therapeutic 
interventions with future studies directed towards verifying target genes of the microRNAs and 
their role in hypertrophic changes that are seen in the hearts of neonatal HHRs. 
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3.10 Postface 
Several microRNAs have been determined to regulate expression of genes in myocardial 
hypertrophy in mature hearts, however there is very limited information available 
demonstrating their role during foetal and neonatal periods. This study is the first to 
demonstrate altered expression of microRNAs; miR-34a, miR-351 and miR-490* in an animal 
model of cardiac hypertrophy; HHR, that is 2-days of age. Neonatal HHR hearts exhibit cardiac 
hypertrophy that was determined by an increase in CWI and up-regulation of cardiac markers 
of hypertrophy; NPPA, NPPB and MAPK1. Moreover, the microRNAs were analysed using 
bioinformatics tools to predict target genes that may have a significant function in early onset 
cardiac hypertrophy. The prediction analysis identified several cellular pathways and processes 
of significance in myocardial remodelling. The next rational step is to identify target genes of 
the three microRNAs in order to assess their regulatory role in hearts of 2-days old HHRs. For 
this purpose, a second microarray analysis was done to explore and validate a subset of 
predicted target genes of the microRNAs that are differentially expressed in the heart tissue. 
microRNA-target gene interaction was further assessed by transfection of H9C2-1 myoblasts 
with microRNA mimics and inhibitors followed by confirmation of altered gene expression by 
RT-PCR. 
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Chapter-4: Evaluation of Novel Genes in Cardiac 
Hypertrophy 
4.1 Preface 
Several genes have been implicated in the pathogenesis of adaptive cardiac remodelling in 
mature hypertrophic heart rats (HHRs). However, it has been suggested a decreased number 
of cardiomyocytes at the time of birth, a consequence of apoptosis and reduced cell 
proliferation, pre-disposes the myocardium to compensate by cellular hypertrophy. The aim 
of this study is to identify genes that are differentially expressed in hearts of 2-days old HHRs 
compared to the control. Furthermore, novel candidate genes that are potentially regulated 
by previously evaluated microRNAs will be considered for validation of expression in cardiac 
tissue harvested from 2-days old HHRs and assessed for functional role in development of 
cardiac hypertrophy. Lastly, prospective microRNA-target gene interactions will be 
investigated using a well-known myoblast cell line “H9C2-1”. The outcomes from this study are 
a positive step in elucidating microRNA-target gene interactions occurring in the hearts of 
HHRs that require consideration for further investigation.  
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4.2 Article formatted for publication 
This chapter has been written in the style a journal article and will be submitted to PloS One in 
January, 2018. 
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4.3 Abstract 
microRNAs are single strand oligonucleotides that normalise expression of complementary 
gene sequences. Previously, microRNAs miR-34a, miR-351 and miR-490* have been identified 
as having significant regulatory roles in cardiac hypertrophy of the hypertrophic heart rat 
(HHR). The HHR is an animal model of primary cardiac hypertrophy in the absence of 
hypertension. A previous microarray analysis has implicated several genes that were 
differentially expressed in mature HHR compared to the control. We have identified genes with 
altered expression in 2-days old HHRs that offer novel insight into early onset of cardiac 
hypertrophy exhibited by the animal. Here we translate previous microRNA-target gene 
prediction analyses and identify several genes for further verification by real-time PCR. Our 
results show altered expression of 5-hydroxytryptamine receptor 2A (HTR2A), sphingosine-1-
phosphate phosphatase-1 (SGPP1), glucosidase alpha, neutral C (GANC) and integrin subunit 
alpha-7 (ITGA7) leading to postulation that they have a significant role in the development of 
cardiac hypertrophy. Furthermore, we transfected H9C2-1 myoblast cell line with mimics and 
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inhibitors of miR-34a, miR-351 and miR-490* to evaluate possible microRNA-mRNA relation of 
the validated genes. Results from transfection studies revealed expression of HTR2A is down-
regulated in cells transfected with miR-34a mimic when compared to control cells, thus adding 
a novel gene to the catalogue of known target genes of the microRNA. Nonetheless this novel 
microRNA-target gene interaction is the first to associate miR-34a with myocardial remodelling 
seen in HHRs. The results of this study are encouraging and warrant further investigation into 
the potential role of the novel genes in cardiac hypertrophy. 
4.4 Introduction 
Mammalian cardiac cells are considered to be a resilient group of myocytes that begin 
functioning very early in foetal life and continue until demise (Foglia & Poss, 2016). However, 
this perceived immortality is limited during increased myocardial stress due to a lack of 
proliferative capability and cellular senescence postpartum (Soonpaa et al., 1996). The 
stressful provocations on the heart can be physiological, such as when the heart pumps blood 
across the placenta to the developing foetus throughout pregnancy, or pathological, such as 
during an increase in resistance in peripheral blood vessels seen during hypertension 
(Bernardo et al., 2010). Physiological demand for an increase in cardiac output results in a 
compensatory but reversible increase in cardiomyocyte size and contractile machinery 
(Shimizu & Minamino, 2016). Alternately, pathological changes are considered irreversible and 
further include an altered metabolism and spatial remodelling of cells with subsequent cell 
death and fibrosis (Shimizu & Minamino, 2016). 
Pathological cardiac hypertrophy is incited by mechanical and neurochemical stimuli with 
downstream activation of corresponding signalling pathways including, but not limited to; rat 
sarcoma (RAS), mitogen activated protein kinase (MAPK), protein kinase C (PKC), calcineurin, 
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calcium-calmodulin and adrenergic (Shimizu & Minamino, 2016). Together, these result in 
transcription of various pro-hypertrophic genes including those in the foetal gene program; 
atrial natriuretic peptide; ANP (NPPA), brain natriuretic peptide; BNP (NPPB), myosin heavy 
chain-7; β-MHC (MYH7) and actin alpha-1 skeletal muscle (ACTA1) (Maillet, van Berlo, & 
Molkentin, 2012). The expressed proteins play a crucial role in a number of cellular pathways 
and processes responsible for cardiac hypertrophy such as apoptosis, metabolism, growth and 
development, in addition to relaying pro-hypertrophic signalling (Hill & Olson, 2008, Shimizu & 
Minamino, 2016). 
Various in vivo models of left ventricular cardiac hypertrophy have been used to understand 
the underlying pathogenesis of compensatory myocardial remodelling associated with 
hypertension. The more commonly used animal models include the spontaneously 
hypertensive rat (SHR) and cardiac hypertrophy following transverse aortic constriction (TAC) 
(Camacho et al., 2016). A well-documented model known as the hypertensive heart rat (HHR) 
is characterised by inherent cardiac hypertrophy in the absence of hypertension (Harrap et al., 
2002). The normotensive environment of the HHR enables study of primary cardiac 
hypertrophy and correlated cardiovascular complications without the compound local and 
systemic effects of increased blood pressure (Harrap et al., 2002). Furthermore, it has been 
indicated that a reduction in the number of cardiomyocytes in the post-natal HHR heart 
precedes cardiac hypertrophy (Porrello et al., 2009). A microarray analysis revealed several 
genes that are differentially expressed in the left ventricle tissue of young (8-10 weeks of age) 
and old (38-50 weeks of age) HHRs compared to the normal heart rat (NHR), while concurrently 
permitting an insight into age-related genetic changes related to cardiac hypertrophy (Dwyer 
et al., 2008). 
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In addition to animal models, in vitro systems of cardiac hypertrophy such as the H9C2-1 rat 
myoblast cell line are extensively used to understand effects of biochemical stimulation and 
genetic manipulation on growth and development of cells (Branco et al., 2015). H9C2-1 cells 
are derived from primary embryonic ventricular cardiomyocytes and retain many properties 
of predecessors such as membrane morphology and electrophysiology, expression of G-
signalling proteins and hypertrophic responses to biochemical mediators such as angiotensin 
and endothelin (Hescheler et al., 1991; Watkins, Borthwick, & Arthur, 2011). H9C2-1 cells are 
widely used to study the downstream consequences of altered expression of genes via 
transfection of synthetic nucleotides into the cell. For example, H9C2-1 cells were recently 
used to over-express miR-378 and miR-378* to verify potential target genes following a 
bioinformatics analysis (Mallat et al., 2014). 
We have previously confirmed altered expression of miR-34a, miR-351 and miR-490* in 
neonatal (2-days of age) HHRs following a microRNA microarray analysis, which has been 
discussed in Chapter-3 of this thesis. In addition, we have identified several novel cellular 
pathways and biological processes that are possibly regulated by our set of microRNAs and 
potentially have a role in the pathophysiology of myocardial hypertrophy appreciated in the 
heart of neonatal HHRs. This study is the first to profile RNA expression in neonatal HHRs 
followed by validation of novel target genes of miR-34a, miR-351 and miR-490*. In addition, 
potential microRNA-target gene interactions have been validated by transfecting H9C2-1 with 
relevant microRNA mimics and inhibitors followed by evaluation of target gene expression by 
RT-PCR. 
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4.5 Methods 
1. Tissue harvest 
HHRs and NHRs were bred and housed at Deakin University (Waurn Ponds, Australia) following 
Deakin University Animal Ethics Committee approved procedures (AECG G03-2013). Standard 
housing conditions were maintained with a 12-hour light/dark cycle, room temperature at 19-
22 with all animals fed Barastoc™ Rat and Mouse Feed (Ridley, Melbourne, Australia). 
Neonatal rats, HHR and NHR (n=10), male and female, at 2 days of age were culled by swift 
decapitation, the heart was harvested immediately post-mortem and washed in HEPES-Krebs 
buffer. After removing non-cardiac tissue, the atria were carefully excised from the ventricles. 
Samples were weighed and rapidly frozen by immersion in liquid nitrogen. All samples were 
stored at -80°C. 
2. Microarray dataset acquisition 
In collaboration with Fadi.J.Charchar’s lab, RNA from cardiac tissue of 2-days old HHRs and 
NHRs was isolated using miRNeasy (Qiagen, Australia). RNA quality was determined using the 
Agilent 2100 Bioanalyser (Agilent Technologies, CA, USA) with only samples having a RNA 
Integrity Score (RIN) higher than “9” on 10-point scale considered for microarray analyses. 
Samples were hybridised to RNA arrays (Affymetrix™, Thermo Fisher, Australia) with 
microarray scanning performed by Ramaciotti Centre for Genomics (New South Wales, 
Australia) using standard protocols. 
3. Bioinformatics analysis 
The microarray dataset was cleaned to remove features where the processing signal was less 
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than 2-fold variance from background and detected in at least five of the eight replicates. 
Overall 8916 genes fulfilled the selection criteria with greater than 85% of those genes having 
seven or more values for each the eight replicates per treatment group. The resultant data was 
normalized to the 75th percentile value for each array and the p-values adjusted to allow a 
stringent analysis of the results. 
Potential target genes for the microRNAs were determined using Ingenuity Pathway Analysis; 
IPA (Qiagen, Australia) that used the predicted miRNA-mRNA relationship database of 
TargetScan (Whitehead Institute for Biomedical Research, Massachusetts, USA). The 
parameters were set as follows: reference set; ‘Ingenuity Knowledge Base’, relationships; 
‘direct’ and ‘indirect’, species; ‘rat’ and prediction confidence; ‘high’, ‘moderate’ or 
‘experimentally observed’. TargetScan defines a ‘high’ prediction level as a miRNA suppressing 
the target mRNA expression level to 40% of the normal level where as ‘moderate’ is 65%. 
Target genes for further analysis were chosen based on the prediction level of either ‘high’ or 
‘moderate’ and experimentally observed. KEGG_Pathways were identified using KEGG 
PATHWAY Database (Kanehisa et al., 2016). 
4. RT-PCR analysis 
Small and large RNA was isolated from 2-days old HHR and NHR heart ventricles and 
transfected H9C2 cells using mirVana™ miRNA Isolation Kit (Ambion®, Thermo Fisher, 
Australia) according to manufacturer’s protocol. The RNA was quantified using NanoDrop 
(Thermo Fisher, Australia) and reverse transcribed using iScript™ cDNA Synthesis Kit (Bio-Rad, 
Australia) according to standard protocols. The cDNA generated was quantified using Quant-
iT™ OliGreen® ssDNA Assay Kit (Invitrogen™, Thermo Fisher, Australia) and Fluorescence was 
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measured using Fusion-Alpha HT (Perkin Elmer®, Australia) with the following parameters; 
Fluorescein 485, Emission Filter 535mm and Light Source Intensity Level=1. Real-time PCR was 
performed using TaqMan® Universal PCR Master Mix, No AmpErase® UNG (Applied 
Biosystems™, Thermo Fisher, Australia) with TaqMan® microRNA Assays (Applied 
Biosystems™, Thermo Fisher, Australia) and TaqMan® Gene Expression Assays (Applied 
Biosystems™, Thermo Fisher, Australia) adhering to relevant protocols. 1ng and 100ng of cDNA 
per reaction was used in PCRs for microRNA and gene expression respectively. Real-time 
detection amplification was performed using CFX96™ Real-time System (Bio-Rad, Australia). 
5. H9C2; microRNA transfections 
H9C2-1 cells (Sigma-Aldrich®, Merck, Australia) were cultured in Dulbecco's modified eagle's 
medium (DMEM) - High Glucose (Sigma-Aldrich®, Merck, Australia) supplemented with 10% 
Foetal Bovine Serum (Sigma-Aldrich®, Merck, Australia) and Antibiotic Antimycotic Solution 
(Sigma-Aldrich®, Merck, Australia), and incubated at 5% CO2 and 37°C. Culture media was 
replaced every two days and the cells sub-cultured at 70% confluence. Transfection of H9C2 
cells with siRNA; mirVana™ miRNA mimic and inhibitors (Ambion®, Thermo Fisher, Australia) 
using Lipofectamine™ RNAiMAX Transfection Reagent (Applied Biosystems™, Thermo Fisher, 
Australia) and recommended protocols. Briefly, siRNA and lipofectamine were diluted in Opti-
MEM® Medium (Gibco™, Thermo Fisher, Australia). Diluted siRNA was added to diluted 
lipofeactamine using a 1:1 ratio followed by incubation for 5 minutes at room temperature. 
The miRNA-lipid complex was added to H9C2 cultures at 70% confluence and further incubated 
for two days. The transfected cells were enzymatically released using trypsin-EDTA solution 
0.25% (Sigma-Aldrich®, Merck, Australia) and washed with phosphate buffer saline (PBS) in 
preparation for RNA extraction. 
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6. Statistics 
Statistical analysis was performed using GraphPad Prism 7.0. Average cycle threshold (Ct) were 
compared between test sample and control using student’s t-test, with p<0.05 considered 
significantly different. Fold change in expression of microRNAs and mRNAs was calculated 
using the formula 2DCt. Results are shown as a mean with standard error of mean (±SEM) 
4.6 Results 
1. Microarray analysis of gene expression 
The microarray analysis yielded 373 genes that were differentially expressed in heart tissue 
from 2-days of age HHR compared to NHR of similar age with an adjusted p-value of <0.05. The 
principle results are displayed in Table 4.1, with further details tabulated in “Table S6”. A total 
of 185 genes are indicated to be over-expressed and 189 genes are under-expressed in HHR 
hearts. Furthermore, 32 genes and 60 genes have a fold change of >1.5 and <-1.5 respectively. 
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Table 4.1: Results of microarray analysis showing expression of candidate genes. 
Microarray results of genes considered for further validation are included in the table. Genes are ranked by 
increasing fold change (FC). Briefly, the microarray analysis validated 373 genes (adjusted p-value <0.05) to be 
differentially expressed in heart tissue of 2-days old HHR compared to NHR. There are 32 genes that have a FC of 
more than 1.5, whereas 60 genes are indicated to be down-regulated by a FC of less than 1.5. There are a further 
34 genes that are unclassified and have not been included in the analysis.  
Symbol Adj p-value Fold Change miR-34a miR-351 miR-490* 
HTR2A 3.59e-06 -3.180 X   
PKIA 1.17e-02 -1.580 X   
SGPP1 4.26e-05 -1.580 X  X 
RGS6 8.23e-03 -1.550 X X  
CACNA2D2 3.55e-05 -1.520 X   
CDH13 3.99e-03 -1.510 X   
CXADR 1.82e-03 -1.400   X 
AXL 4.71e-03 -1.320 X   
GANC 4.10e-03 1.450  X X 
ITGA7 3.73e-06 1.880  X  
 
We previously validated the importance of miR-34a, miR-351 and miR-490* using RT-PCR and 
how they are differentially expressed in heart tissue of 2-day old HHRs (Chapter-3). A further 
comparative analysis of genes validated via microarray and crossover of potential target genes 
revealed through bioinformatics prediction is illustrated in Fig 4.1. Our results show that miR-
34a possibly regulates expression of 21 genes, 2 of which are common with miR-490* and 1 
with miR-351. miR-351 has 23 potential target genes, while miR-490* has 12 with 1 gene in 
common between the two microRNAs. Detailed results are tabulated in “Tables; S7.1, S7.2, 
S7.3”. 
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Fig 4.1: Comparison of common target genes between results from the microarray and bioinformatics analysis. 
The Venn diagram illustrates the number of genes that have altered expression in cardiac tissue of 2-day old HHR 
and in addition are potentially regulated by miR-34a, miR-351 and miR-490*. 
2. RT-PCR validation of candidate genes 
A select group of potential target genes from the microarray analysis were verified using RT-
PCR. The results are tabulated in “Table 4.2”. The expression of HTR2A (p<0.01) and SGPP1 
(p<0.01) was up-regulated by a fold change of >2.0. In contrast, the expression of ITGA7 
(p<0.01) and GANC (p=0.05) was down-regulated by a fold change of -1.80 and -1.47 
respectively. The differential expression of the following genes was statistically insignificant in 
the limitations of this study; CAMP-dependent protein kinase inhibitor alpha (PKIA), regulator 
of G protein signalling-6 (RGS6), calcium channel, voltage-dependent, alpha-2/delta subunit-2 
(CACNA2D2), cadherin-13 (CDH13), coxsackie virus and adenovirus receptor (CXADR) and AXL 
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receptor tyrosine kinase (AXL). 
Table 4.2: Results of PCR validation of genes in 2-day old HHR hearts. 
Table 4.2 displays expression of 9 genes that were validated by RT-PCR in hearts of 2-days old HHRs in terms of 
fold change (FC). Differential expression of HTR2A, SGPP1, GANC and ITGA7 is statistically significant (p<0.05) as 
indicated by *. microRNAs that potentially target the measured genes as suggested by the bioinformatics analysis 
are identified with a ‘X’ mark. Additionally, expression of HTR2A (FC; 2.38) and SGPP1 (FC; 2.16) is up-regulated. 
In contrast, the expression of GANC and ITGA7 is down-regulated with FC of -1.47 and -1.80 respectively. 
Symbol p-value Fold Change miR-34a miR-351 miR-490* 
HTR2A <0.01* 2.38 X   
PKIA 0.41 1.21 X   
SGPP1 <0.01* 2.16 X  X 
RGS6 0.25 1.27 X X  
CACNA2D2 0.07 1.37 X   
CDH13 0.63 1.09 X   
CXADR 0.31 1.16   X 
AXL 0.12 1.26 X   
GANC 0.05* -1.47  X X 
ITGA7 <0.01* -1.80  X  
 
3. Functional annotation of validated genes 
Further analysis of validated, differentially expressed, genes revealed several biological 
pathways (KEGG_Pathways) that each gene impacts in rattus norvegicus (rno) and potentially 
in the hearts of 2-days old HHRs (Table 4.3). HTR2A is involved in five pathways related to 
calcium and neurological signalling and inflammatory mediated regulation of transient 
receptor potential (TRP) channels. The analysis indicates SGPP1 is involved in two pathways of 
sphingolipid metabolism and signalling, while GANC is involved in three cellular pathways 
concerned with carbohydrate metabolism. Lastly, ITGA7 is linked to eight biological pathways 
including those relating to myocardial disease; hypertrophic cardiomyopathy (HCM), 
arrhythmogenic right ventricular cardiomyopathy (ARVC) and dilated cardiomyopathy (DCM). 
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Other significant pathways ITGA7 is involved in are phosphoinositide-3-kinase – protein kinase 
B (PI3K-AKT) signalling pathway and regulation of actin cytoskeleton. 
Table 4.3: List of Biological pathways in which expression of genes validated by RT-PCR have a significant function. 
HTR2A 
rno04020: Calcium signalling pathway 
rno04080: Neuroactive ligand-receptor interaction 
rno04540: Gap junction 
rno04726: Serotonergic synapse 
rno04750: Inflammatory mediator regulation of TRP channels 
SGPP1 
rno00600: Sphingolipid metabolism 
rno04071: Sphingolipid signalling pathway 
GANC 
rno00052: Galactose metabolism 
rno00500: Starch and sucrose metabolism 
rno01100: Metabolic pathways 
ITGA7 
rno04151: PI3K-Akt signalling pathway 
rno04510: Focal adhesion 
rno04512: ECM-receptor interaction 
rno04810: Regulation of actin cytoskeleton 
rno05165: Human papillomavirus infection 
rno05410: Hypertrophic cardiomyopathy (HCM) 
rno05412: Arrhythmogenic right ventricular cardiomyopathy (ARVC) 
rno05414: Dilated cardiomyopathy (DCM) 
 
4. Validation of potential target genes following transfection 
H9c2-1 cells were transfected with mimics and inhibitors of miR-34a, miR-351 and miR-490* 
as previously described to determine expression of the aforementioned microRNAs. This 
expression was subsequently measured in H9C2s and evaluated with RT-PCR to confirm 
successful transfection. Results are shown in Fig S1. Bioinformatics prediction results indicate 
that both HTR2A and SGPP1 are potentially regulated by miR-34a. 
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First, RT-PCR results show that the expression of HTR2A was down-regulated in cells 
transfected with miR-34a mimic by a statistically significant fold change of -3.93 (±0.32) with 
p=0.0005 in relation to the control (Fig 4.2). Additionally, the expression of HTR2A was 
significantly decreased (p=0.03) in cells over-expressing miR-34a when compared to cells 
transfected with a microRNA inhibitor. We observed a fold change increase of 1.49 (±0.34) in 
expression of HTR2A in cells treated with miR-34a inhibitor compared to the control, however 
the difference is not statistically significant (p=0.65). These results suggest HTR2A is regulated 
by miR-34a.  
Secondly, the expression of SGPP1 was not significantly different across the treatment groups 
in comparison to the control with p-values of 0.46 and 0.81 for cells transfected with miR-34a 
mimic and inhibitor respectively (Fig 4.2). Similarly, there was no statistically significant 
difference in expression of SGPP1 in cells treated with the mimic and control (p=0.15). 
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Fig 4.2: Expression of potential target genes of miR-34a in H9C2-1 following transfection with mimic and inhibitor. 
This figure illustrates expression of HTR2A and SGPP1 as target genes of miR-34a. Expression of HTR2A is down-
regulated by a FC of -3.93 (p=0.0005) compared to the control in cells that were transfected with a mimic. Similar 
results can be seen when expression of HTR2A is compared between cells with mimic and inhibitor of miR-34a 
(p=0.03). The expression of SGPP1 is not statistically significant across the treatment groups and control. *** 
refers to p<0.0001, ^ refers to p <0.05 
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Further, miR-351 is suggested to regulate the expression of GANC and ITGA7. Interestingly, our 
results indicate a ~2.0 increase in FC in expression of both genes in cells treated with miR-351 
mimic, however, the results are statistically insignificant; GANC (p=0.44) and ITGA7 (p=0.09), 
when compared to expression of the relevant gene in cells treated with the inhibitor. Results 
are shown in Fig 4.3. 
 
Fig 4.3: Expression of potential target genes of miR-351 in H9C2-1 following transfection with mimic and inhibitor. 
The figure illustrates expression of GANC and ITGA7, which are suggested target genes of miR-351. The expression 
of the genes is statistically insignificant when compared between cells transfected with miR-351 mimic and 
inhibitor; GANC (p=0.44) and ITGA7 (p=0.09). 
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GANC is suggested to be regulated by miR-490*. Our RT-PCR results indicate the expression of 
GANC is downregulated in H9C2-1 transfected with a miR-490* mimic by a fold change of -2.89 
(±0.77), however p=0.09, rendering the difference insignificant, Fig 4.4. 
 
Fig 4.4: Expression of potential target gene of miR-490* in H9C2-1 following transfection with mimic and inhibitor. 
The figure illustrates expression of GANC which is suggested to be a target gene of miR-490*. The expression of 
the gene is statistically insignificant (p=0.09) when compared between cells transfected with mimic and inhibitor. 
4.7 Discussion 
The microarray analysis is the first to identify genes differentially expressed in heart tissue of 
2-day old HHRs comparted to NHRs of similar age. Several candidate genes warrant further 
validation of their expression and function in relation to apoptosis, cell proliferation and 
cardiac hypertrophy. This study is the first to report altered expression of four candidate genes; 
HTRA2A, SGPP1, GANC and ITGA7 in neonatal HHR. Furthermore, bioinformatics analysis 
revealed expression of individual genes are important components in various biological 
pathways that need further evaluation, particularly in relation to cardiac hypertrophy that is 
characteristic of HHRs. 
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1. Potential role of validated genes in cardiac hypertrophy 
A) HTR2A 
The action of the neurotransmitter serotonin within the central nervous system is well-studied 
(Berger, Gray, & Roth, 2009). In contrast, patho-physiological functions of serotonin on the 
heart that involve regulation of heart rate, valve pathology, myocardial remodelling and during 
cardiogenesis are less certain (Berger et al., 2009). Serotonin acts through a wide array of 5-
hydrotryptammine (5-HT) receptors; 5-HT1-7 that are targets of numerous neuropsychiatric 
drugs used in management of psychiatric illnesses such as depression and psychosis (McCorvy 
& Roth, 2015). The function of 5-HT2A receptor in cardiac hypertrophy is not well understood, 
however a pro-hypertrophic role upon serotonin stimulation is suggested.  
HTR2A was up-regulated in papillary muscle and cardiomyocytes isolated from the left 
ventricle of rats subject to myocardial hypertrophy by transverse banding of the ascending 
aorta (Brattelid et al., 2007). In addition, an increase in positive inotropic response on exposing 
the papillary muscle to serotonin; 5-HT2A, which was directly proportional to the degree of 
hypertrophy was reported (Brattelid et al., 2007). Activation of this receptor is therefore 
speculated to improve cardiac function with reduced energy demand during pressure-overload 
induced cardiac hypertrophy (Brattelid et al., 2007). Similar conclusions were reported in a rat 
model of acute congestive heart failure (Qvigstad, 2005). A complementary study showed a 
25-fold increase in expression of HTR2A in SHR compared to wild-type rats, suggesting a role 
in cardiac remodelling associated with hypertension (Ayme-Dietrich et al., 2015). Additionally, 
the role of HTR2A polymorphism to reveal the influence of serotonin on cardiovascular disease 
has been investigated on a few occasions. For instance, T102C polymorphism in the 5-HT2A 
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receptor is potentially an independent risk factor for primary hypertension (Liolitsa et al., 
2001). Also, the severity of depression in men diagnosed with coronary heart disease was 
shown to vary based on the presence of a specific 1438A/G HTR2A genotype (Golimbet et al., 
2014). 
Our study is the first to show expression of the 5-HT2A receptor is up-regulated in the heart of 
2-day old HHR that have cardiac hypertrophy. In addition, the study is the first to demonstrate 
expression of HTR2A is down-regulated in H9C2-1 after transfection with miR-34a mimic. The 
finding is indicative of the gene being regulated by the miR-34a. An exploratory research into 
the biogenesis of microRNAs in cortical neural tissue in relation to schizophrenia reported a 
probable miR-107, mir-195 and miR-15b mimic interaction with the gene (Beveridge et al., 
2010). Previous results from this study suggest that the expression of miR-34a is up-regulated 
in hearts of 2-day old HHR. Therefore, the increase in expression of the microRNA is perhaps a 
compensatory response to increased expression of HTR2A. 
B) SGPP1 
Sphingolipids are lipid mediators found in cardiomyocytes that respond to various extra-
cellular stimuli resulting in generation of sphingosine-1-phosphate (S1P) and ceramide 
followed by up-regulation of key intra-cellular pathways such as RAS-MAPK and PI3K-AKT 
(Levade et al., 2001). SGPP1 encodes for a phosphatase that is found primarily on intracellular 
membranes of the endoplasmic reticulum that metabolises S1P into ceramide (Le Stunff et al., 
2002). Increased levels of ceramide are associated with apoptosis and arrest of the cell cycle, 
whereas increased S1P activity induces cell proliferation and protects cells from apoptosis 
(Borodzicz et al., 2015). The function of sphingolipids and related metabolites in cardio-
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vascular disease such as myocardial infarctions, hypertension and stroke is poorly understood 
while their role in cardiac hypertrophy is yet to be determined (Borodzicz et al., 2015) 
This study is the first to report up-regulation of SGPP1 in HHR neonates that exhibit cardiac 
hypertrophy. It is implied increased apoptosis and reduced cell proliferation during foetal life 
results in reduced number of cardiomyocytes, which is followed by compensatory cardiac 
hypertrophy (Porrello et al., 2009). The cardiac changes observed in 2-day old HHR may 
potentially be a consequence of increased SGPP1 expression (RT-PCR validation), which 
warrant further investigation into the potential role of the gene in development of cardiac 
hypertrophy. Furthermore, transfection of H9C2-1 with a mimic of miR-34a resulted in a 1.80-
fold decrease in expression of SGPP1 that was statistically insignificant potentially due to 
increased variability seen in results from RT-PCR. Thus, the results are inconclusive, however 
further investigation into the potential microRNA-mRNA relation is merited to verify the results 
of the bioinformatics analysis. 
C) GANC 
GANC is proposed to be a member of glycosyl hydrolase gene family 31 and encodes for neutral 
α-glucosidase C, an enzyme believed to be involved in glycogen metabolism (Hirschhorn, Huie, 
& Kasper, 2002). The gene is currently understudied, while functional remarks in Rattus 
norvegicus are primarily inferred from computational annotations that include alpha-1,4-
glucosidase activity, hydrolase activity and carbohydrate metabolic process (National Center 
for Biotechnology Information, U.S. National Library of Medicine). To the best of the authors 
knowledge, this study is the first to demonstrate down-regulation of GANC in hearts of 2-day 
old HHR and is thus a significant discovery of biological function of the gene. Further, it is worth 
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mention that during cardiac hypertrophy there is a switch from fatty-acid oxidation to 
glycolysis, a similar state of energy metabolism is seen in physiological cardiac growth during 
foetal life (Bernardo et al., 2010). Hence, the function of neutral α-glucosidase C in altered 
states of energy metabolism, which is characteristic of pathological cardiac hypertrophy 
remains to be explored. In addition, the bioinformatics prediction analysis suggests GANC is 
potentially a target gene for miR-351 and miR-490*. RT-PCR validation of GANC expression 
following transfection of H9C2-1 with relevant mimics and inhibitors were inconclusive and 
deserve further investigation. 
D) ITGA7 
ITGA7 encodes for integrin subunit ⍺7 that belongs to a vast family of cell adhesion alpha 
receptors existing as heterodimers in conjugation with integrin subunit β1 (Takada, Ye, & 
Simon, 2007). ⍺7β1 along with other heterodimeric integrins function as mechano-transducers 
upon binding of an appropriate ligand to the receptor that detect and transmit changes in 
mechanical forces occurring in the extra cellular matrix of myocytes (Takada et al., 2007). As a 
consequence, several downstream intermediator molecules are activated including those 
involved in PI3K and MAPK intra-cellular pathways, resulting in cellular changes concerned with 
adhesion, apoptosis, proliferation, cell size and gene expression (Heineke & Molkentin, 2006; 
Takada et al., 2007; Manso, Kang, & Ross, 2009). Furthermore, ⍺7 takes over from ⍺5 during 
post-natal growth as the dominantly expressed alpha subunit (Israeli-Rosenberg et al., 2014). 
Over-expression of ITGA7 is suggested to have a protective effect on cardiac and skeletal cells, 
which was demonstrated by increased cellular regeneration, hypertrophy and reduced 
cardiomyopathy in mice with skeletal muscular dystrophy, however, the mechanisms of the 
indirect effect on the heart remain unclear (Israeli-Rosenberg et al., 2014). In another study, 
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overexpression of ⍺7β1 integrin in cardiomyocytes that were subjected to hypoxia was shown 
to be protective by preserving mitochondrial membrane potential (Okada et al., 2013).  
The role of integrin subunit ⍺7 in cardiac hypertrophy requires further analysis. Previously 
reported protein expression of the subunit was significantly higher in cardiomyocytes isolated 
from murine hearts with transverse aortic constriction (Babbitt et al., 2002). The results from 
this study suggest expression of ITGA7 is down-regulated in hearts of 2-day old HHR. Hence, 
further investigation into the role integrin subunit ⍺7 plays in cardiac hypertrophy is justified. 
In addition, results from miR-351 transfection of H9C2-1 to determine microRNA-mRNA 
interaction were inconclusive, therefore it is suggested the potential relation be considered in 
future studies. 
2. Comparison between results from microarray and RT-PCR analysis 
The resulting fold changes in expression of genes validated by RT-PCR are juxtaposed to those 
reported in the microarray. The RNA isolated from cardiac tissue used for the microarray 
analysis is from a much earlier generation of 2-day old HHR in contrast to that used for RT-PCR 
conducted throughout this study. It has been discussed in a previous chapter that a genetic 
drift may be responsible for the variations seen in this study. Furthermore, a technical mistake 
has been considered, however, the reported increase in cardiac weight index in this study is 
confirmed by increased expression of genetic markers of cardiac hypertrophy; atrial natriuretic 
peptide; ANP (NPPA) and brain natriuretic peptide; BNP (NPPB), as well as mitogen activated 
protein kinase 1 (MAPK1), which is a key component of the pro-hypertrophic RAS-MAPK 
signalling pathway. Therefore, we posit the candidate genes have been adequately verified and 
further validation via analysis of RNA extracted from heart tissue of a current generation HHR 
 106 
neonates is needed to confirm the biological or technical origin of the reported deviation in 
gene expression. 
4.8 Conclusions 
This study is the first to report differentially expressed genes in cardiac tissue harvested from 
2-days old HHR following a microarray analysis. Several of these genes are potentially regulated 
by our previously reported validated microRNAs (miR-34a, miR-351 & miR-490*) following a 
bioinformatics analysis. Validation of a group of candidate genes revealed HTR2A and SGPP1 
are over-expressed, while expression of GANC and ITGA7 is down-regulated in hearts of 2-days 
old HHR. Previous research indicates increased expression of HTR2A is associated with 
hypertrophic changes in the heart. SGPP1 encodes for a key enzyme in the synthesis of 
ceramide from a precursor sphingolipid metabolite S1P, with increase in intracellular ceramide 
levels associated with apoptosis and decreased cell proliferation. These altered biological 
processes are suggested aetiologies of decreased number of cardiac cells in HHR at birth that 
is followed by compensatory hypertrophy during the post-natal stage of life. ITGA7 encodes 
for an integrin subunit ⍺7, levels of the subunit were previously shown to be increased in hearts 
subject to myocardial stress. GANC is believed to express an enzyme that is part of a family of 
hydrolases that regulate glucose metabolism. This study is the first to report under-expression 
of GANC in relation to cardiac hypertrophy. The definite role of these novel group of validated 
genes in cardiac hypertrophy is yet to be determined and necessitates further evaluation into 
their role. Moreover, results from transfection of H9C2-1 with mimic of miR-34a reveal the 
expression of HTR2A is down-regulated, suggesting the gene is targeted by the microRNA. 
Further studies need to be conducted to confirm this association. Results for other microRNA-
mRNA interactions for other validated microRNAs and genes are inconclusive and warrant 
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further investigation to establish any potential interactions. Findings from this study have 
revealed several novel genes that are expressed in hearts of neonatal HHRs and potentially 
contribute to the pathogenesis of cardiac hypertrophy such as that associated with 
hypertension. In addition, the genes and accompanying regulatory microRNAs can prove to be 
potential targets for genetic therapy and thus need further exploration into their function as 
in cardiac hypertrophy. 
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4.10 Postface 
Pathological cardiac hypertrophy is accompanied with altered gene expression in the heart. 
The HHR is a unique animal model of cardiac hypertrophy in the absence of hypertension that 
is believed to be preceded by reduced number of cardiomyocytes as a result of apoptosis and 
decreased cell proliferation. Results from this study are the first reveal and validate many 
genes that are up and down-regulated in heart tissue harvested from 2-days old HHRs. These 
genes are possibly involved in the pathogenesis of cardiac hypertrophy seen in the animal 
model. Altered expression of HTR2A, SGPP1, GANC and ITGA7 was validated by RT-PCR. In 
addition, transfection of H9C2-1 myoblasts with miR-34a mimic and inhibitors was followed by 
down-regulation of HTR2A expression level. This is the first time a validated regulatory 
microRNA targeting HTR2A has been reported in HHRs and provides useful insight into 
microRNA-target gene interactions responsible for cardiac hypertrophy. Results for other 
interactions studies were inconclusive and should be further explored using alternative 
methods of transfection and cell lines. In addition, several other genes discovered to be 
differentially expressed in the microarray analysis require further validation via RT-PCR 
followed by cell transfections studies to determine regulatory roles of microRNAs on gene 
expression in hearts of 2-days old HHRs. Lastly, biological function of these validated genes and 
others need to be determined in order to understand their role in the pathogenesis of cardiac 
hypertrophy. 
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Chapter-5: General Discussion 
The study presented in this thesis titled “Evaluating the Role of Novel microRNAs in Cardiac 
Hypertrophy” builds on our understanding of the aetiology of cardiac disease and, in particular, 
cardiac hypertrophy. The research presented in this thesis progresses the field of 
understanding cardiac hypertrophy in five important and novel ways. Firstly, the published 
literature review (Chapter 1) provides the most recent and detailed overview of microRNAs in 
cardiac remodelling. The review also highlights distinguishing features between physiologic 
and pathologic cardiac hypertrophy. Furthermore, this review introduces the hypertrophic 
heart rat (HHR) as a primary model of inherent cardiac hypertrophy in the absence of 
hypertension. Thus, the published article serves as an up-to-date resource for further research 
in the field.  
Secondly, this study has for the first time characterised the neonatal HHR as a model of early 
onset cardiac hypertrophy evident by increased cardiac weight index and expression of cardiac 
markers of hypertrophy. This provides valuable and unique insights into the underlying 
mechanisms and cellular pathways responsible for cardiac hypertrophy. Thirdly, outcomes 
from this study have highlighted three novel microRNAs; miR-34a, miR-351 and miR-490*, that 
are linked to cardiac hypertrophy as detailed through the work presented here in the neonatal 
HHR model. Previously, only a single microRNA has been determined to have a role in cardiac 
cell telomere length in the HHR, but this was linked to ageing rather than cardiac hypertrophy 
as described here (Marques et al., 2016). The identified microRNAs are unique in regulatory 
function with several novel biological pathways planned for future research.  
The fourth novel finding in this body of research was to characterise four cardiac genes with 
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altered expression verified in neonatal HHRs. The four identified genes; HTR2A, SGPP1, GANC 
and ITGA7, add vital genomic data understanding to our current knowledge on the network of 
genes and cellular pathways responsible for cardiac hypertrophy in the rat model. Finally, and 
perhaps most importantly, this work demonstrates that HTR2A is a target gene of miR-34a, 
which is the first reported microRNA-target gene interaction in the HHR and a novel find in the 
growing list of target genes of miR-34a. Furthermore, this finding opens up exciting possibilities 
in further characterising human cardiac hypertrophy genetic factors and providing a possible 
point of action for novel gene silencing therapeutic research. Each of the mentioned findings 
are summarised in the ensuing sections. 
5.1 Characterization of hypertrophic heart rat 
The HHR is widely recognised as the most important animal model of primary cardiac 
hypertrophy in the absence of hypertension and was developed after successive inbreeding of 
the spontaneously hypertensive rat (SHR) with the Fischer (F-344) rat (Harrap et al., 2002). 
Several genes have been identified as differentially expressed in the hearts of adult HHRs 
compared to the control, the Normal Heat Rat (NHR). These genes reportedly play a role in 
pro-hypertrophic signalling pathways, namely; DnaJ heat shock protein family (Hsp40) member 
A3 (DNAJA3), G-protein subunit gamma-5 (GNG5), RAS-related protein Rab-12 (RAB12) and 
mitogen activated protein kinase-1 (MAPK1) and natriuretic peptide precursor B; BNP (NPPB) 
(Dwyer et al., 2008). HHRs are also reportedly born with smaller hearts with a reduced number 
of cardiomyocytes, attributable to apoptosis and reduced cellular proliferation during foetal 
life, thus postulations have been developed that the heart has to compensate through adaptive 
hypertrophy during post-natal growth and development (Porrello et al., 2009). 
Studies presented in this thesis add significantly to our understanding of this model as the 
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population of 2-day old HHRs are shown to have an increased cardiac mass compared to the 
NHRs evident by an increase in cardiac weight normalized to body weight; the cardiac weight 
index (CWI). This unexpected and unique finding necessitated further investigation and genetic 
markers of cardiac hypertrophy (foetal gene program) were measured (Barry, Davidson, & 
Townsend, 2008). The analysis presented in this thesis indicates expression of natriuretic 
peptide precursor A; ANP (NPPA) and NPPB are significantly up-regulated in neonatal HHRs.  
Additionally, expression of MAPK1; a downstream mediator of the pro-hypertrophic rat 
sarcoma – mitogen-activated protein kinase (RAS-MAPK) signalling pathway was up-regulated, 
which is important because MAPK1 leads to transcription of pro-hypertrophic genes (Heineke 
& Molkentin, 2006b). We note that these findings have not been replicated by others in the 
field and there is the potential that the HHR model is changing over time due to genetic 
instability and drifts, which are recognised limitations of using animal models (Casellas, 2011). 
Prior to interpreting this finding widely across other HHR research programs, we would 
encourage further characterisation of HHRs to determine if this is a universal trait of this animal 
model.  
The signalling pathways involved in foetal cardiac development are unclear with 
phosphoinositide-3-kinase – protein kinase B (PI3K-AKT) and p38 mitogen-activated protein 
kinases; p38-MAPK (MAPK14) signalling suggested to be responsible in foetal HHR (Porrello et 
al., 2009). Therefore, a gap remains in our understanding of early onset cardiac hypertrophy 
and the associated disease process. The findings presented herein address these shortcomings 
by revealing 2-days old HHRs have cardiac hypertrophy associated with increased expression 
of relevant biomarkers along with probable activation of inherent signalling pathways and 
genes. Future directions include determining incidence of cardiac hypertrophy in HHRs across 
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several age groups into adulthood and characterising relevant biomarkers. Preliminary studies 
conducted by the author along these lines show promising results for future studies with 
evidence of increased incidence of cardiac hypertrophy in 6-weeks old animals. However, as 
these studies are ongoing and the results are still being analysed the data is beyond the scope 
of this thesis. Subsequent findings using this model will allow identification of novel regulatory 
microRNAs and target genes provide opportunities for diagnostic and therapeutic intervention 
in humans and are strongly encouraged. 
5.2 Novel microRNAs and their potential role in cardiac hypertrophy 
MicroRNAs are oligonucleotides that have immense regulatory potential (Esteller, 2011). They 
are transcribed from the host’s genome and bind to complementary mRNA to exert their 
inhibitory effect (Esteller, 2011). The role of microRNAs as potential biomarkers and targets for 
therapeutic intervention has generated a great deal of interest amongst researchers 
(Krützfeldt et al., 2005; Chistiakov, Sobenin, & Orekhov, 2012; Li & Rana, 2014). Several 
microRNAs have been associated with cardiac hypertrophy and their effect on the heart in 
relation to cardiac hypertrophy is increasing (Callis & Wang, 2008; Small & Olson, 2011; da 
Costa Martins & De Windt, 2012). The author’s published literature review in Chapter 1 is 
currently the most detailed and up to date resource on the subject (Sadiq et al., 2017). 
Further, the findings presented in Chapter 2 of this thesis are the first to identify three 
microRNAs; miR-34a, miR-351 and miR-490*, that have altered expression in 2-days old HHR 
hearts in relation to cardiac hypertrophy. Previously, only one reported microRNA with 
changed expression in the HHRs; miR-34a was known, and this was in the context of telomere 
length and aging in cardiac cells (Marques et al., 2016). The work presented in Chapter 2 shows  
up-regulation of miR-34a in 2-days old HHR which is consistent with the previous report 
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(Marques et al., 2016).  
miR-34a is suggested to regulate expression of anti-apoptotic genes; sirtuin-1 (SIRT1), 
aldehyde dehydrogenase-2 (ALDH2), B-cell CLL/lymphoma-2 (BCL2) and phosphatase 1 
nuclear-targeting subunit (PNUTS) (Sadiq et al., 2017). Moreover, expression of miR-351 is 
temporarily up-regulated in myogenic progenitor cells (MPCs) following chemically induced 
injury and protects the cells from apoptosis by targeting a member of the E2 transcription 
factors (E2F); E2F3 (Chen et al., 2012). E2F allows cardiomyocytes to transit through the G1/S 
phase of the cell cycle resulting in hypertrophy (Vara et al., 2003). Lastly, miR-490* is suggested 
to target FBJ murine osteosarcoma viral oncogene homolog (c-FOS) resulting in reduced 
cellular proliferation while up-regulation of the gene is responsible for adrenaline stimulated 
cardiac hypertrophy via the RAS signalling pathway (Babu et al., 2000; Li et al., 2013). The Gene 
Set Enrichment Analysis (GSEA) reported in this thesis adds information on previously 
unreported target genes of these microRNAs and reveals cellular pathways and biological 
processes that are potentially regulated by these novel microRNAs.  
Many signalling pathways revealed in the analysis are well-established in the pathogenesis of 
cardiac hypertrophy including RAS, MAPK, phosphoinositide-3-kinase-serine/threonine kinase-
3 – protein kinase B (PI3K-AKT), adrenergic and calcium signalling (Sugden & Clerk, 2000; 
Kiriazis et al., 2008; Muslin, 2008; Fearnley, Roderick, & Bootman, 2011; Tham et al., 2015). 
The analysis presented here is the first to highlight other cellular pathways that have previously 
not been implicated to have a role in cardiac hypertrophy such as axon guidance, oxytocin 
signalling, sphingolipid signalling, pathways regulating pluripotency of stem cells and the 
circadian rhythm. This study also provides encouraging insights into the potential role 
microRNAs have in regulation of renin-angiotensin-aldosterone system (RAAS) as genes in 
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cellular pathways associated with RAAS are predicted to be regulated by miR-34a and miR-
490*. Due to multifactorial effects of RAAS in an intact biological system, it has been difficult 
to assess the role the system has specifically on development of cardiac hypertrophy (Cowan 
& Young, 2009). Lastly, miR-34a is speculated to regulate cellular pathways related to mental 
health and is downregulated in the brains of depressed individuals who had committed suicide 
and warrants further investigation (Dwivedi, 2014).  
The Identification of novel microRNAs and possible associations with previously undisclosed 
biological pathways and processes presented in this thesis give renewed understanding of 
probable mechanisms in development and pre-disposition to cardiac hypertrophy. The 
predictive analysis lays the foundation for future research directed to explore the regulatory 
role of miR-34a, miR-351 and miR-490* on potential target genes and accompanying cellular 
functions. There are several other microRNAs revealed in the microarray analysis that await 
validation through follow-up studies planned by others. Thus, future research should be aimed 
at confirming altered expression of these microRNAs followed by identification of potential 
target genes and pathways. 
5.3 Differentially expressed genes in neonatal HHRs 
Understanding the differentially expressed genes in neonatal HHRs is important because it 
gives novel insight into associated pathological mechanisms and pathways that are responsible 
for early onset of cardiac hypertrophy. Previously, nothing was known on this potentially 
important area. 
The studies presented here used exploratory mRNA microarray analysis to reveal several 
hundred genes with altered expression in cardiac tissue from 2-days old HHRs (Chapter 4 and 
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Table S6). Prospective target genes of miR-34a, miR-351 and miR-490* revealed in the 
bioinformatics analysis were cross-referenced with results from this microarray followed by 
RT-PCR validation. Together, this study is the first to report altered gene expression of four 
promising gene candidates; 5-hydroxytryptamine receptor-2A (HTR2A), sphingosine-1-
phosphate phosphatase-1 (SGPP1), integrin subunit alpha-7 (ITGA7) and glucosidase alpha, 
neutral C (GANC) in hearts of neonatal HHRs that present with cardiac hypertrophy. 
The role 5-HT2A receptor has in cardiac hypertrophy is at present poorly understood.  
However, a pro-hypertrophic role of the receptor has been suggested as HTR2A is up-regulated 
in cardiac muscle and cells retrieved from myocardial tissue of rats subject to transverse aortic 
banding (Brattelid et al., 2007). In another study, cardiac remodelling in SHR due to 
hypertension was associated with a 25-fold increase in expression of HTR2A. Furthermore, 
SGPP1 encodes for a phosphatase that metabolises sphingosine-1-phosphate (S1P) into 
ceramide whilst increased levels of the metabolite is associated with apoptosis and arrest of 
the cell cycle (Le Stunff et al., 2002; Borodzicz et al., 2015). However, the role of SGPP1 and 
sphingolipids in cardiac hypertrophy is yet to be determined. 
 ITGA7 encodes for an alpha subunit (⍺7) of integrins, which are mechano-receptors found on 
myocytes and responds to changes in the extra cellular matrix resulting in activation of pro-
hypertrophic PI3K and MAPK signalling pathways (Heineke & Molkentin, 2006a; Takada, Ye, & 
Simon, 2007; Manso, Kang, & Ross, 2009). In a recent study, overexpression of ITGA7 in skeletal 
muscle of mice with induced muscular dystrophy was shown to be cardio-protective (Israeli-
Rosenberg et al., 2014).  However, similar to other reported genes in this study, the role of 
ITGA7 in cardiac hypertrophy is as yet undetermined. Lastly, information on GANC is scarce, 
the gene is believed to transcribe a hydrolase that potentially has a role in carbohydrate 
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metabolism (Hirschhorn, Huie, & Kasper, 2002). It is worth mentioning that cardiomyocyte 
metabolism switches from fatty-acid oxidation to glycolysis during pathological cardiac 
hypertrophy (Bernardo et al., 2010). This study is the first to show altered expression of GANC 
in an animal model of cardiac hypertrophy that potentially lays a foundation for further 
functional annotation of the gene. 
In summary, these previously unreported genes have altered expression in hearts of 2-days old 
HHRs, thus conceivably contribute to the pathogenesis of early onset cardiac hypertrophy that 
is characteristic of this animal model. Further analysis, including confirmation of protein 
expression, is warranted to determine their role in associated signalling pathways linked to 
cardiac hypertrophy. 
5.4 Validation of target genes following transfection of H9C2-1 
To complete this body of work and confirm potential microRNA-target gene interactions, 
H9C2-1 myoblasts were transfected with microRNA mimics and inhibitors followed by 
verification of gene expression by RT-PCR. Results from transfection of cells revealed 
expression of HTR2A was down-regulated in cells treated with a mimic compared to those with 
miR-34a inhibitor and untreated cells. Bioinformatics analysis confirmed a “high” prediction 
confidence for HTR2A as a target gene for miR-34a. A previous study exploring the biogenesis 
of microRNAs in cortical neural tissue in relation to schizophrenia reported inhibition of miR-
107 and mir-195 in human embryonic kidney cells-293 resulted in increased HTR2A luciferase 
activity and transfection with miR-15b mimic lead to upregulation of the gene (Beveridge et 
al., 2010). The research presented here is the first to report a miR-34a-HTR2A interaction. The 
increase in miR-34a expression is perhaps a compensatory response to increase in HTR2A 
expression in hearts of 2-days old HHRs. Thus, future research should be directed in confirming 
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this interaction in HHR across the lifespan of HHRs. Should future studies deduce a regulatory 
pathway linked to the miR-34a-HTR2A interaction, the potential for developing targeted 
therapeutics and increasing our understanding of the causative mechanisms in cardiac 
hypertrophy in humans is a logical next step.  
5.5 Future directions 
The work presented in this thesis, like all research, is both extensive and yet a small snapshot 
in the greater field of cardiac hypertrophy research. Further investigation into the role of miR-
34a, miR-351 and miR-490*, and validated genes; HTRA2A, SGPP1, ITGA7 and GANC is merited 
to understand their contribution in early onset of cardiac hypertrophy in HHRs with the intent 
to follow-up the outcomes in human cardiac tissue. Cardiac weight index results of 2-days old 
HHRs from this study are in contrast to previously reported results. Therefore, it is suggested 
a current generation of neonatal HHRs is characterized to confirm presence of cardiac 
hypertrophy and indeed a more accurate system of measuring differences other than cardiac 
weight index is developed. 
Furthermore, a set of microRNAs and genes were validated via RT-PCR in the interest of time 
and resources. Results from microarray analysis has revealed several candidate microRNAs and 
genes that necessitate validation via RT-PCR followed by confirmation of their function and 
role in cardiac hypertrophy. In addition, novel genes and pathways identified in our 
bioinformatics analysis deserve further exploration in relation to their role in cardiac disease 
and myocardial remodelling. Lastly, RT-PCR validation of other potential target genes following 
transfection of H9C2-1 with microRNAs yielded inconclusive results due to increased variability 
in gene expression within the same treatment group despite a substantial fold change 
difference noted. Future investigations to confirm potential microRNA-target gene 
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interactions is warranted and are suggested to be conducted using a different cell line and 
introduction of the microRNA through a plasmid vector. In addition, the use of primary 
cardiomyocytes isolated from 2 -days old HHRs is recommended to further investigate the 
microRNA-target gene interaction and down-stream effects on apoptosis, cellular 
proliferation, metabolism and function due to known limitation of using an immortal cell-line 
such as the H9C2-1. 
Taken together, the results of this thesis have moved our understanding of cardiac 
hypertrophy forward and opened a multitude of new research pathways to hopefully, one-day, 
make positive changes in the lives of those afflicted by this common and life-threatening 
condition. 
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Chapter-6: General Methods 
6.1 Tissue extraction 
The HHR and NHR animals were bred and housed at the Deakin University Animal Housing 
Facility (Waurn Ponds, Australia). Standard housing conditions were maintained with a 12-hour 
light/dark cycle, room temperature at 19-22°C and the animals fed Barastocä Rat and Mouse 
Feed (Ridley, Australia). Prior approval was attained from Deakin University Animal Ethics 
Committee (AECG G03-2013) and appropriate training was received in accordance to 
committee guidelines and standard processes. 
Neonatal rats were humanely culled by decapitation. The heart tissue was dissected out of the 
body through a midline incision, washed in HEPES-Krebs buffer (NaCl; 85.4g/L, KCl, 3.5g/L, 
NaH2PO4; 0.47g/L, MgSO4.7H20; 2.58g/L, HEPES, 2.39g/L, Glucose; 2.0g/L), excess tissue 
removed and the atria separated from the ventricles with careful scalpel incisions. Atria and 
ventricle samples were dried using blotting paper and weighed followed by weighing the 
ventricular alone using HT-120 Compact Balance (A&D Weighing, Australia) Samples were 
transferred into their respected tubes, allowed to rapidly freeze by immersion in liquid 
nitrogen and stored at -80°C. 
6.2 RNA isolation  
Small and large RNA was isolated using mirVana™ miRNA Isolation Kit (Ambion®, Thermo 
Fisher, Australia) according to manufacturer’s protocol. HHR and NHR ventricles were allowed 
to thaw on ice and were kept on ice at all times unless otherwise stated. Approximately 10 mg 
of ventricle tissue was used per sample. Myocardial tissue was homogenized in a tissue 
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disruptor using 500mg zirconia/silica beads, 1.0mm in diameter (Biospec, DainTree Scientific, 
Australia) and 1:10 ratio (w/v) tissue to lysis buffer supplied with the RNA isolation kit. 1/10 of 
total volume miRNA Homogenate Additive was added and incubated on ice for 10 mins. The 
homogenate was transferred into a new tube followed by addition of Acid-Phenol: Chloroform 
at room temperature in equal volume to the lysis buffer volume before addition of the miRNA 
Homogenate Additive. The tube was vortexed for 30 seconds followed by centrifugation for 5 
minutes (10,000xg) at room temperature. The aqueous phase carefully transferred into a new 
tube and 1/3 volume of 100% ethanol to the aqueous phase was added. The solution was 
transferred onto a filter and centrifuged at 10,000xg for 15 seconds. The filter cartridge 
contained RNA fraction devoid of small RNA and was kept aside. 2/3 volume 100% ethanol to 
filtrate was added and centrifuged at 10,000xg for 15 seconds. The filter cartridges containing 
small and large RNA were washed using 700μL of Wash Solution 1 followed by 500μL of Wash 
Solution2/3 twice through centrifugation at 10,000xg for 10 seconds. The filters were 
centrifuged again for 1 minute to remove any residual fluid. The RNA was eluted using 100μL 
of nuclease-free water at 95°C by centrifugation for 30 seconds at 10,000g and stored at -80°C.  
6.3 Small-RNA quantification 
Total microRNA isolated in the sample was quantified using an Agilent Small RNA Kit with Small 
RNA Chips (Agilent Technologies, Australia) and Agilent Bio-analyser 2100 (Agilent 
Technologies, Australia). The RNA Ladder was denatured at 70°C for 2 minutes and 
immediately cooled on ice. The gel matrix was transferred into a spin filter and centrifuged at 
10,000g for 15 minutes. A gel-dye mix was prepared by adding 2μL of dye into 40μL of filtered 
gel, mixed by flicking the tube and centrifuged at 13,000g for 10 minutes. 9μL of the mix was 
transferred onto a well on the small RNA chip as indicated in the manufacturer’s protocol. The 
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chip was placed on a chip priming station with the plunger of the syringe positioned at 1mL 
and then pressed firmly until held by a clip that was released after 60 seconds. 9μL of the gel-
dye mix and 9μL of RNA conditioning solution were added into their respective wells. 5μL of 
RNA marker followed by 1μL of sample and ladder were added to their corresponding wells. 
The chip was placed in an IKA vortex (Agilent Technologies, Australia) for 1 minute at 2400rpm 
and then run on the bio-analyser with 2100 Expert Software (Agilent Technologies, Australia) 
to determine the concentration of total microRNAs for each sample. 
6.4 Large-RNA quantification 
Large RNA was quantified using NanoDrop™ 2000/2000c Spectrophotometers (Thermo Fisher 
Scientific, Australia). The concentration (ng/μL) and A280/A260 ratio were noted for each 
sample. 
6.5 Small RNA reverse transcription  
cDNA of small-RNA was synthesized using TaqMan® MicroRNA Reverse Transcription Kit 
(Applied Biosystems™, Thermo Fisher, Australia) and TaqMan® microRNA Assays (Applied 
Biosystems™, Thermo Fisher, Australia) according to manufactures protocol. A master mix was 
made to a total volume of 7μL per reaction using 0.15μL of 100mM dNTPs (with dTTP); 1.0μL 
of MultiScribeTM Reverse Transcriptase 50U/μL, 1.5μL of 10X Reverse Transcription Buffer; 
0.19μL of RNase Inhibitor 20U/μL; and 4.16μL of nuclease-free water. The volumes of each 
reagent were adjusted according to the number of samples in each RT reaction. 10ng of total 
microRNA (ng/μL) from each sample and nuclease free water were added into a RT reaction 
tube to a final volume of 5μL, followed by addition of 7μL of the master mix. For each RT 
reaction, 3μL of the relevant microRNA (5X) RT primer was added to make a final volume of 
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15μL. The solution was mixed thoroughly, centrifuged and incubated on ice for 5 minutes. 
Reverse transcription was done on a 96-well thermal cycler; iQ5 sequence detection system 
(Bio-Rad, Australia) using the manufacture’s recommended protocol; Table 6.1. The cDNA was 
stored at -80°C. 
Table 6.1: Protocol for reverse transcription 
Step Time Temperature 
Hold 30-minutes 16 
Hold 30-minutes 42 
Hold 5-minutes 85 
Hold ∞ 4 
 
6.6 Large RNA reverse transcription 
The RNA extracted from the myocardial samples were reverse transcribed into complementary 
DNA (cDNA) using iScriptTM Advanced cDNA Synthesis Kit (Bio-Rad, Australia). For each sample, 
a volume containing 0.5μg-1μg (as required) of RNA was calculated using the previously 
determined concentration and transferred into a PCR tube containing nuclease free water to 
a total volume to 15μL. Finally, 4.0μL of iScript advanced reaction mix and 1.0μL of iScript 
advanced reverse transcriptase were added to the mixture. Tubes were placed in a 96-well 
thermocycler; iQ5 sequence detection system (Bio-Rad, Australia) and RT was performed using 
the manufacture’s recommended protocol: reverse transcription; 30-minutes at 42°C, 
followed by RT inactivation; 5-minutes at 85°C. The synthesized cDNA was stored at -80°C.  
6.7 cDNA quantification  
The concentrations of synthesized cDNA were determined using Quant-iT™ OliGreen® ssDNA 
Assay Kit (Invitrogen™, Thermo Fisher, Australia). The sample cDNA was arbitrarily diluted to 
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1/40th of its original concentration in 1X TE. Similarly, 20X TE (200mM Tris HCl, 20mM EDTA, 
pH 7.5) and 200x ssDNA were diluted to 1X as per needed final volume. The centrifuge tube 
containing diluted ssDNA was wrapped in aluminium foil to avoid degradation. All the reagents 
were kept on ice at all times. 
cDNA synthesized from small RNA: Standards of varying concentrations between 0.0 to 
50ng/mL were made by successive dilutions of Oligonucleotide Standard (Table 6.2). Into each 
well of a black 96-well tray (flat bottom, opaque), 90μL of 1x TE, 10μL of the diluted cDNA or 
standard and 100μL of 1x ssDNA were transferred. 
Table 6.2: Protocol for dilutions for the standard curve for measuring cDNA transcribed from smalRNA. 
Standard Conc (ng/mL) 1X TE to add (μL) Standard to Add (μL) 
Stock1 2μg/mL 49 1.0 μL of 100ug/mL stock 
Stock 2 100ng/μL 47.5 2.5 of Stock 1 
A 50 25 25 of Stock 2 
B 20 30 20 of A 
C 10 25 25 of B 
D 5 25 25 of C 
E 1 40 10 of D 
F 0.5 25 25 of E 
 
cDNA synthesized from large RNA: Standards of varying concentrations between 0.0 to 
1.0μg/mL were made by successive dilutions of Oligonucleotide Standard (Table 6.3). Into each 
well of a black 96-well tray (flat bottom, opaque), 95μL of 1x TE (200mM Tris HCl, 20mM EDTA, 
pH 7.5), 5μL of the diluted cDNA or standard and 100μL of 1x ssDNA were transferred. 
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Table 6.3: Protocol for dilutions for the standard curve for measuring cDNA transcribed from largeRNA. 
Standard Conc (μg/mL) 1X TE to add (μL) Standard to Add (μL) 
A 2 40 1μL of 100μg/mL stock 
B 1 10 10 of A 
C 0.50 15 5 of A 
D 0.25 35 5 of A 
E 0.1 24 16 of D 
F 0.05 20 20 of E 
 
Fluorescence was measured using Fusion-Alpha HT (Perkin Elmer®, Australia) with the 
following parameters; Fluorescein 485, Emission Filter 535mm and Light Source Intensity 
Level=1. Each sample was run in duplicate to calculate a mean. The emitted florescence was 
recorded and the concentrations determined against a log curve of the standards. The 
determined concentrations were multiplied by a factor of 40 to account for the initial 1/40 
dilution. 
6.8 Real-time PCR  
Real-time PCR was performed using TaqMan® Universal PCR Master Mix, No AmpErase® UNG 
(Applied Biosystems™, Thermo Fisher, Australia) with 20X TaqMan® microRNA Assays (Applied 
Biosystems™, Thermo Fisher, Australia) and 20X TaqMan® Gene Expression Assays (Applied 
Biosystems™, Thermo Fisher, Australia) according to manufactures protocol. A reaction 
volume of 20μL per sample was prepared using 10μL of PCR master mix, 1μL of relevant 
microRNA/gene Taqman® assay, between 0.1ng and 50.0ng of cDNA (as needed) and the 
remaining volume made up with nuclease free water. The total volume was up-scaled for 2-3 
replicates and transferred to a clear 96-well PCR plate (Bio-Rad, Australia). PCR was performed 
on C1000 Thermal Cycler with CFX96TM Real-Time System (Bio-Rad, Australia) using thermal 
cycling conditions tabulated in Table 6.4. The camera of the thermocycler was set to read 
 128 
fluorescence emission during annealing and extension. Average of Ct values was used for 
further analysis. 
Table 6.4: Protocol for PCR 
Step 
Enzyme 
Activation 
PCR 
Hold 
Cycle (40 cycles) 
Denature Anneal/Extend 
Temperature 95°C 95°C 60°C 
Time 10-minutes 15-seconds 60-seconds 
 
6.9 Transfection 
H9c2-1 cells purchased from Sigma-Aldrich were cultured in Dulbecco's Modified Eagle's 
Medium (DMEM) – High Glucose with L-glutamine (Sigma-Aldrich®, Merck, Australia) 
supplemented with 10% Foetal Bovine Serum (Sigma-Aldrich®, Merck, Australia) and 100× 
Stabilized Antibiotic Antimycotic Solution (Sigma-Aldrich®, Merck, Australia) in 5% CO2 at 37°C. 
Cultures were split at sub-confluence (70-80%) with a ratio of 1:3 to 1:10; 1-3x104 cells/cm2 
after washing twice with phosphate buffer saline (PBS) (Sigma-Aldrich®, Merck, Australia) 
detached using 0.25% Trypsin-EDTA Solution (Sigma-Aldrich®, Merck, Australia). 
Dried miRvana™ mimics and inhibitors (Ambion®, Thermo Fisher, Australia) were resuspended 
using 50μL of nuclease-free water to give a stock solution of 100μM in concentration. The stock 
solution was stored at -20°C. A working stock of 10μM (10pmol/μL) was made before each 
transfection. For a single well in a 6-well plate, 3.0μL of Lipofectamine® RNAiMAX Transfection 
Reagent (Invitrogen™, Thermo Fisher, Australia) was diluted in 150μL of Opti-MEM® Medium 
(Gibco™, Thermo Fisher, Australia), similarly, 9.0μL of stock mimic/inhibitors (10μM) was 
diluted in 150μL Opti-MEM® Medium. The two dilutions were combined with a 1:1 ratio and 
 129 
incubated at room temperature for 5-minutes. 250μL of the miRNA-lipid complex was added 
into a single well of a 6-well plate containing cells. 
6.10 Cell counting 
Cultured cells were washed twice with PBS followed by treatment with 0.25% Trypsin-EDTA 
and addition of fresh media. 10μL of suspended cells were added to 10uL of Trypan Blue Stain 
(Sigma-Aldrich®, Merck, Australia). The combination was mixed with gentle pipetting and 10μL 
was pipetted into a chamber of a Countes™ cell counting chamber slide (Invitrogen™, Thermo 
Fisher, Australia). The slide was placed in the Countes™ Automated Cell Counter (Invitrogen™, 
Thermo Fisher, Australia) and the following readings were noted: total number of cells, live 
cells, dead cells and cell viability. 
6.11 Statistics  
Results were analysed using Excel (Microsoft®) and GraphPad Prism v7.0 unless otherwise 
noted. Unpaired Student’s t-test with Welch's correction were done to compare groups with 
p<0.05 considered to be statistically significant and results expressed as mean ± standard error 
of mean (±SEM). 
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Supporting Information 
Chapter-3 
Table S1: Microarray Results 
Column Probeset ID p-value bonferroni(p-value) stepup(p-value) stepdown(p-value) qvalue(p-value) t Mean(HHR) Mean(NHR) MeanRatio(HHR/NHR) MeanDiff(HHR-NHR) FoldChange(HHR/NHR) 
360 rno-miR-34a 3.07E-07 0.000207556 0.000207556 0.000207556 0.000181905 9.07486 7.36547 6.07453 2.44688 1.29094 2.44688 
473 rno-miR-378* 8.87E-06 0.00600292 0.00214725 0.0059852 0.00188189 6.78082 6.92694 6.21944 1.63296 0.707492 1.63296 
472 rno-miR-378 9.52E-06 0.00644176 0.00214725 0.00640375 0.00188189 6.73713 9.8838 9.13906 1.67567 0.744742 1.67567 
223 rno-miR-218 7.17E-05 0.0485395 0.0121349 0.0481102 0.0106352 5.54885 5.962 5.24904 1.63916 0.712958 1.63916 
522 rno-miR-466b 0.000118969 0.0805422 0.0161084 0.0795933 0.0141177 -5.26762 -1.72413 4.04793 0.0182994 -5.77206 -54.6465 
542 rno-miR-490* 0.000176118 0.119232 0.0170331 0.117128 0.0149281 5.05368 7.11909 6.56713 1.46607 0.551958 1.46607 
613 rno-miR-675* 0.000165838 0.112273 0.0170331 0.11062 0.0149281 5.08626 5.44388 4.88357 1.47458 0.560304 1.47458 
367 rno-miR-351 0.000207967 0.140794 0.0175992 0.137897 0.0154242 4.96399 3.95167 3.39052 1.47545 0.561154 1.47545 
610 
rno-miR-674-
3p 
0.000240099 0.162547 0.0180608 0.158728 0.0158288 4.8869 3.16013 2.59726 1.47721 0.562874 1.47721 
294 rno-miR-3085 0.000300063 0.203143 0.0203143 0.197778 0.0178038 -4.76806 5.07373 5.25318 0.883036 -0.179456 -1.13246 
214 rno-miR-214 0.000344957 0.233536 0.0212305 0.226687 0.0186068 4.6942 9.24119 8.7509 1.40473 0.490289 1.40473 
488 rno-miR-410 0.000521029 0.352737 0.0293947 0.341367 0.025762 4.47764 5.14389 4.41239 1.66036 0.7315 1.66036 
558 rno-miR-503 0.000624319 0.422664 0.0325126 0.407813 0.0284945 4.38352 7.39063 6.85789 1.44668 0.532741 1.44668 
174 
rno-miR-
199a-5p 
0.000937362 0.634594 0.0453282 0.610457 0.0397263 4.17366 8.48297 7.9501 1.44681 0.532875 1.44681 
541 rno-miR-490 0.00109041 0.73821 0.0461381 0.70586 0.0404362 4.0961 6.97871 6.50572 1.38798 0.472991 1.38798 
501 rno-miR-431 0.00102384 0.693137 0.0461381 0.664766 0.0404362 4.12837 3.83364 3.18395 1.56883 0.649691 1.56883 
173 
rno-miR-
199a-3p 
0.00218311 1 0.0869393 1 0.0761949 3.74307 10.197 9.74309 1.3697 0.453864 1.3697 
574 
rno-miR-542-
5p 
0.00265234 1 0.0997573 1 0.0874289 3.64475 7.40791 6.96427 1.36004 0.443645 1.36004 
327 rno-miR-329 0.00370529 1 0.125424 1 0.109924 3.47636 4.10398 3.50679 1.51277 0.597193 1.51277 
285 rno-miR-300-
3p 
0.00354359 1 0.125424 1 0.109924 3.49881 4.65917 4.05541 1.51968 0.603763 1.51968 
497 rno-miR-423* 0.00397429 1 0.128123 1 0.112289 3.44111 2.80217 -1.03812 14.3232 3.84028 14.3232 
530 rno-miR-483 0.00416558 1 0.128176 1 0.112335 3.41747 6.10525 5.8877 1.16276 0.217549 1.16276 
573 rno-miR-542-
3p 
0.00435457 1 0.128176 1 0.112335 3.39516 7.06861 6.66463 1.32315 0.403977 1.32315 
314 rno-miR-322* 0.00459227 1 0.12954 1 0.113531 3.36845 6.79161 6.3518 1.35643 0.439811 1.35643 
554 rno-miR-500 0.00555766 1 0.144713 1 0.126829 -3.27255 7.15737 7.5349 0.769755 -0.377529 -1.29911 
565 rno-miR-532-
3p 
0.00543585 1 0.144713 1 0.126829 -3.28369 4.13872 4.5033 0.776696 -0.364578 -1.28751 
235 rno-miR-223 0.00710212 1 0.160271 1 0.140464 -3.14926 5.66897 5.8028 0.911405 -0.133836 -1.09721 
532 rno-miR-484 0.00698404 1 0.160271 1 0.140464 3.15769 5.08696 4.77567 1.24082 0.311292 1.24082 
164 rno-miR-1949 0.0069427 1 0.160271 1 0.140464 3.16068 8.0301 7.67666 1.2776 0.353437 1.2776 
148 rno-miR-18a 0.0070252 1 0.160271 1 0.140464 3.15474 7.29576 6.88714 1.32742 0.408625 1.32742 
33 rno-miR-
106b* 
0.00754154 1 0.161686 1 0.141705 3.11905 2.42413 2.05587 1.29079 0.368253 1.29079 
512 rno-miR-450a 0.00764249 1 0.161686 1 0.141705 3.11236 6.64388 6.23294 1.32956 0.410948 1.32956 
7 rno-let-7b 0.00930603 1 0.170275 1 0.149232 3.01313 10.5739 10.2752 1.2301 0.298777 1.2301 
9 rno-let-7c 0.00904918 1 0.170275 1 0.149232 3.02725 11.0688 10.7695 1.23051 0.299251 1.23051 
335 rno-miR-335 0.0087278 1 0.170275 1 0.149232 3.04548 8.71438 8.31274 1.32101 0.401643 1.32101 
535 rno-miR-487b 0.00856299 1 0.170275 1 0.149232 3.05508 5.55733 4.98982 1.48196 0.567505 1.48196 
346 rno-miR-341 0.00914246 1 0.170275 1 0.149232 3.02208 3.39799 -0.195726 12.073 3.59371 12.073 
425 rno-miR-
3584-5p 
0.0136194 1 0.175292 1 0.153628 -2.8205 -1.68459 3.95311 0.0200855 -5.6377 -49.7872 
450 rno-miR-362 0.0132011 1 0.175292 1 0.153628 -2.83633 3.23075 3.67229 0.736347 -0.441543 -1.35806 
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666 rno-miR-92a 0.0121854 1 0.175292 1 0.153628 2.87691 9.3567 9.08005 1.21138 0.276647 1.21138 
680 rno-miR-99b 0.0106078 1 0.175292 1 0.153628 2.94704 7.74751 7.45976 1.22073 0.287747 1.22073 
13 rno-let-7e 0.0130209 1 0.175292 1 0.153628 2.8433 10.0232 9.73112 1.22438 0.292054 1.22438 
59 rno-miR-128 0.0114158 1 0.175292 1 0.153628 2.90993 6.39198 6.06596 1.25354 0.326012 1.25354 
678 rno-miR-99a 0.0126344 1 0.175292 1 0.153628 2.85857 9.42523 9.08622 1.26489 0.339011 1.26489 
202 rno-miR-20a 0.013265 1 0.175292 1 0.153628 2.83388 9.95872 9.5986 1.28353 0.36012 1.28353 
177 rno-miR-19b 0.0100302 1 0.175292 1 0.153628 2.97532 10.1316 9.76467 1.28959 0.366908 1.28959 
175 rno-miR-19a 0.0107777 1 0.175292 1 0.153628 2.93901 7.31459 6.94485 1.29211 0.369733 1.29211 
504 rno-miR-434 0.013168 1 0.175292 1 0.153628 2.8376 5.95532 5.56324 1.31229 0.392081 1.31229 
57 rno-miR-127 0.013019 1 0.175292 1 0.153628 2.84337 5.85852 5.45938 1.31872 0.399137 1.31872 
26 rno-miR-101b 0.0139819 1 0.175292 1 0.153628 2.80716 6.06284 5.66202 1.32025 0.400817 1.32025 
474 rno-miR-379 0.0109361 1 0.175292 1 0.153628 2.93164 4.80124 4.33245 1.38394 0.468781 1.38394 
81 rno-miR-136 0.0130329 1 0.175292 1 0.153628 2.84283 4.70865 4.04244 1.5869 0.666211 1.5869 
306 rno-miR-31 0.0138803 1 0.175292 1 0.153628 2.81086 3.78673 0.523779 9.59941 3.26295 9.59941 
587 
rno-miR-598-
3p 0.0103507 1 0.175292 1 0.153628 2.95944 3.36322 -0.169899 11.5764 3.53312 11.5764 
347 
rno-miR-342-
3p 0.0159055 1 0.186512 1 0.163462 2.74159 7.90448 7.62968 1.20983 0.274805 1.20983 
140 rno-miR-185 0.0162544 1 0.186512 1 0.163462 2.73053 5.91852 5.58892 1.25666 0.329599 1.25666 
125 
rno-miR-17-
5p 
0.0159993 1 0.186512 1 0.163462 2.73859 7.87468 7.5126 1.28528 0.362078 1.28528 
491 rno-miR-411* 0.016169 1 0.186512 1 0.163462 2.73321 4.40599 3.98328 1.34044 0.422711 1.34044 
340 rno-miR-338 0.0153054 1 0.186512 1 0.163462 2.76117 4.45919 1.50559 7.74679 2.9536 7.74679 
523 
rno-miR-
466b-1* 
0.016561 1 0.186863 1 0.16377 -2.721 4.30581 4.58763 0.822553 -0.28182 -1.21573 
669 rno-miR-92b 0.0177138 1 0.196594 1 0.172298 -2.68664 3.30662 3.71194 0.755066 -0.405325 -1.32439 
325 rno-miR-
328a* 
0.0194932 1 0.206202 1 0.180719 -2.63765 -3.32193 -0.0503413 0.103551 -3.27159 -9.65708 
205 rno-miR-20b-
5p 
0.0192364 1 0.206202 1 0.180719 2.64445 8.10946 7.75635 1.27731 0.353104 1.27731 
464 rno-miR-376a 0.0190653 1 0.206202 1 0.180719 2.64903 4.26763 3.56443 1.6281 0.703194 1.6281 
211 rno-miR-211* 0.0198488 1 0.206733 1 0.181184 -2.62839 0.919327 4.22242 0.101314 -3.30309 -9.87029 
65 rno-miR-130a 0.0212013 1 0.217474 1 0.190597 2.59454 11.3487 11.0448 1.2345 0.303925 1.2345 
592 rno-miR-652 0.0236085 1 0.235043 1 0.205996 2.53916 8.99739 8.73076 1.20299 0.266628 1.20299 
72 rno-miR-
133a* 
0.0233301 1 0.235043 1 0.205996 2.54528 8.52797 8.23999 1.22093 0.287979 1.22093 
448 rno-miR-361 0.024568 1 0.241051 1 0.211261 2.51858 6.92472 6.63205 1.2249 0.292667 1.2249 
305 rno-miR-30e* 0.0249859 1 0.241649 1 0.211785 2.50986 6.48598 6.18562 1.23146 0.300367 1.23146 
15 rno-let-7f 0.0268341 1 0.255869 1 0.224248 2.4729 11.2686 10.9992 1.20531 0.269401 1.20531 
71 rno-miR-133a 0.0282762 1 0.262233 1 0.229825 2.44571 8.78712 8.5124 1.20976 0.274719 1.20976 
250 rno-miR-26b 0.0281034 1 0.262233 1 0.229825 2.4489 8.55309 8.26148 1.22401 0.291618 1.22401 
517 rno-miR-455* 0.0292449 1 0.262237 1 0.229828 2.42818 4.00058 3.82793 1.12713 0.17265 1.12713 
296 rno-miR-30a* 0.0296907 1 0.262237 1 0.229828 2.4203 6.3766 6.0942 1.21621 0.282395 1.21621 
24 rno-miR-101a 0.0290635 1 0.262237 1 0.229828 2.43142 5.06287 4.75251 1.24002 0.310359 1.24002 
358 rno-miR-347 0.029826 1 0.262237 1 0.229828 2.41793 6.20772 5.77337 1.3513 0.434351 1.3513 
32 rno-miR-106b 0.0313256 1 0.268448 1 0.235272 2.39233 9.18239 8.89124 1.22362 0.291158 1.22362 
98 rno-miR-144 0.0309729 1 0.268448 1 0.235272 2.39824 5.78611 5.38406 1.32138 0.402046 1.32138 
90 rno-miR-140 0.0321962 1 0.269096 1 0.23584 2.378 6.48603 6.21996 1.20253 0.266068 1.20253 
318 rno-miR-324-
5p 
0.0321315 1 0.269096 1 0.23584 2.37905 7.4817 7.19501 1.21984 0.286692 1.21984 
310 rno-miR-32* 0.0338191 1 0.272455 1 0.238783 -2.35223 -2.42853 1.54134 0.063819 -3.96987 -15.6693 
109 rno-miR-150 0.034641 1 0.272455 1 0.238783 -2.33963 5.37936 5.67734 0.813389 -0.297982 -1.22942 
410 rno-miR-
3573-3p 
0.0338317 1 0.272455 1 0.238783 -2.35204 4.53591 4.66165 0.916532 -0.125743 -1.09107 
111 rno-miR-151 0.0351213 1 0.272455 1 0.238783 2.3324 7.7361 7.48517 1.18997 0.250929 1.18997 
333 rno-miR-331 0.034916 1 0.272455 1 0.238783 2.33548 5.71784 5.45409 1.20059 0.263744 1.20059 
313 rno-miR-322 0.0354151 1 0.272455 1 0.238783 2.32802 10.0293 9.76001 1.20523 0.269308 1.20523 
231 rno-miR-221 0.0348262 1 0.272455 1 0.238783 2.33683 1.60503 -1.81362 10.6934 3.41865 10.6934 
54 rno-miR-
125b-5p 
0.0359358 1 0.273354 1 0.239572 2.32034 10.2493 9.98986 1.19704 0.259476 1.19704 
256 rno-miR-28 0.0365054 1 0.274601 1 0.240665 2.31206 6.23774 5.96314 1.20966 0.2746 1.20966 
246 rno-miR-25 0.0372948 1 0.277457 1 0.243167 2.30078 8.4451 8.17392 1.2068 0.271181 1.2068 
20 rno-miR-1 0.0378504 1 0.278529 1 0.244108 2.29298 13.0444 12.8108 1.17578 0.233618 1.17578 
676 rno-miR-98 0.0385695 1 0.280769 1 0.246071 2.28304 7.28747 7.01445 1.20834 0.273026 1.20834 
119 rno-miR-15b 0.0397329 1 0.281624 1 0.24682 2.26733 10.2159 9.98002 1.17766 0.235926 1.17766 
671 rno-miR-93 0.0399265 1 0.281624 1 0.24682 2.26476 8.11101 7.82844 1.21637 0.282577 1.21637 
516 rno-miR-455 0.0399349 1 0.281624 1 0.24682 2.26464 4.65251 4.33412 1.24694 0.318392 1.24694 
317 rno-miR-324- 0.042823 1 0.295828 1 0.259268 2.2276 8.60312 8.25047 1.2769 0.352649 1.2769 
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3p 
514 rno-miR-451 0.0426575 1 0.295828 1 0.259268 2.22966 8.41217 8.04197 1.29254 0.370205 1.29254 
34 rno-miR-107 0.0433761 1 0.296622 1 0.259964 2.22077 10.0872 9.82146 1.20228 0.265773 1.20228 
207 rno-miR-21* 0.0442768 1 0.296786 1 0.260108 2.20983 -0.154516 -2.66625 5.70306 2.51174 5.70306 
480 rno-miR-382 0.0439654 1 0.296786 1 0.260108 2.21358 0.455868 -2.54267 7.99192 2.99854 7.99192 
431 rno-miR-3588 0.0454321 1 0.301545 1 0.264278 -2.19609 -1.57815 2.03589 0.0816705 -3.61404 -12.2443 
67 rno-miR-130b 0.0477438 1 0.303869 1 0.266316 2.16955 8.37507 8.12277 1.1911 0.252294 1.1911 
107 
rno-miR-
148b-3p 
0.0480266 1 0.303869 1 0.266316 2.16639 6.48579 6.2282 1.19548 0.257594 1.19548 
298 
rno-miR-30b-
5p 
0.0463641 1 0.303869 1 0.266316 2.18524 8.60128 8.33201 1.2052 0.269276 1.2052 
113 rno-miR-152 0.0477632 1 0.303869 1 0.266316 2.16934 7.05992 6.75666 1.23393 0.303261 1.23393 
280 rno-miR-29b 0.0467986 1 0.303869 1 0.266316 2.18026 5.22929 4.89872 1.25751 0.330567 1.25751 
Column Probeset ID p-value bonferroni(p-value) stepup(p-value) stepdown(p-value) qvalue(p-value) t Mean(HHR) Mean(NHR) MeanRatio(HHR/NHR) MeanDiff(HHR-NHR) FoldChange(HHR/NHR) 
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Table S2.1: Predicted/verified target genes of miR-34a 
Source Status Gene Abbv 
Ingenuity Expert Findings Experimentally Observed CREB1 
miRecords Experimentally Observed MYC 
Ingenuity Expert Findings Experimentally Observed TP53 
Ingenuity Expert Findings Experimentally Observed TRPS1 
miRecords Experimentally Observed VEGFA 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,High (predicted) BCL2 
Ingenuity Expert Findings,TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) CCND1 
Ingenuity Expert Findings,TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) CDK6 
TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) DLL1 
Ingenuity Expert Findings,TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) E2F3 
TargetScan Human,miRecords Experimentally Observed,High (predicted) E2F5 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) FOXP1 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,High (predicted) JAG1 
TargetScan Human,miRecords Experimentally Observed,High (predicted) MAP2K1 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,High (predicted) MET 
TargetScan Human,miRecords Experimentally Observed,High (predicted) MYCN 
Ingenuity Expert Findings,TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) NOTCH1 
TargetScan Human,miRecords Experimentally Observed,High (predicted) NOTCH2 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,High (predicted) WNT1 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) AXIN2 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,Moderate (predicted) CD47 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,Moderate (predicted) HDAC1 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) MYB 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) SIRT1 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) TAGLN 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) WISP2 
TargetScan Human High (predicted) AAGAB 
TargetScan Human High (predicted) ABCD1 
TargetScan Human High (predicted) ABLIM1 
TargetScan Human High (predicted) ABR 
TargetScan Human High (predicted) ACBD3 
TargetScan Human High (predicted) ACSL1 
TargetScan Human High (predicted) ACSL4 
TargetScan Human High (predicted) ACTL10 
TargetScan Human High (predicted) ACTR1A 
TargetScan Human High (predicted) ACVR2B 
TargetScan Human High (predicted) ADAM22 
TargetScan Human High (predicted) ADAMTS10 
TargetScan Human High (predicted) ADAMTSL4 
TargetScan Human High (predicted) ADAT2 
TargetScan Human High (predicted) ADCY5 
TargetScan Human High (predicted) ADD2 
TargetScan Human High (predicted) ADGRL1 
TargetScan Human High (predicted) ADIPOR2 
TargetScan Human High (predicted) ADO 
TargetScan Human High (predicted) AFF2 
TargetScan Human High (predicted) AFF3 
TargetScan Human High (predicted) AFF4 
TargetScan Human High (predicted) AGAP2 
TargetScan Human High (predicted) AGO4 
TargetScan Human High (predicted) AGTRAP 
TargetScan Human High (predicted) AHCYL2 
TargetScan Human High (predicted) AK3 
TargetScan Human High (predicted) AK4 
TargetScan Human High (predicted) AKAP6 
TargetScan Human High (predicted) AKIP1 
TargetScan Human High (predicted) ALCAM 
TargetScan Human High (predicted) ALDOA 
TargetScan Human High (predicted) ALG13 
TargetScan Human High (predicted) ALG6 
TargetScan Human High (predicted) ALS2CL 
TargetScan Human High (predicted) AMER1 
TargetScan Human High (predicted) AMPD2 
TargetScan Human High (predicted) ANHX 
TargetScan Human High (predicted) ANK2 
TargetScan Human High (predicted) ANK3 
TargetScan Human High (predicted) ANKRD52 
TargetScan Human High (predicted) ANKS1A 
TargetScan Human High (predicted) ANP32A 
TargetScan Human High (predicted) AP1B1 
TargetScan Human High (predicted) AP1S2 
TargetScan Human High (predicted) APH1A 
TargetScan Human High (predicted) AREG 
TargetScan Human High (predicted) ARHGAP1 
TargetScan Human High (predicted) ARHGAP26 
TargetScan Human High (predicted) ARHGAP36 
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TargetScan Human High (predicted) ARHGAP44 
TargetScan Human High (predicted) ARHGDIB 
TargetScan Human High (predicted) ARHGEF3 
TargetScan Human High (predicted) ARHGEF33 
TargetScan Human High (predicted) ARID4A 
TargetScan Human High (predicted) ARID4B 
TargetScan Human High (predicted) ARPP19 
TargetScan Human High (predicted) ASB1 
TargetScan Human High (predicted) ASB4 
TargetScan Human High (predicted) ASIC2 
TargetScan Human High (predicted) ASPHD2 
TargetScan Human High (predicted) ATF7 
TargetScan Human High (predicted) ATG4B 
TargetScan Human High (predicted) ATG5 
TargetScan Human High (predicted) ATG9A 
TargetScan Human High (predicted) ATMIN 
TargetScan Human High (predicted) ATP1A2 
TargetScan Human High (predicted) ATXN7 
TargetScan Human High (predicted) ATXN7L3 
TargetScan Human High (predicted) ATXN7L3B 
TargetScan Human High (predicted) AXL 
TargetScan Human High (predicted) B3GALNT1 
TargetScan Human High (predicted) B4GALT2 
TargetScan Human High (predicted) BAZ2A 
TargetScan Human High (predicted) BCL11B 
TargetScan Human High (predicted) BCL9L 
TargetScan Human High (predicted) BMP3 
TargetScan Human High (predicted) BMP8B 
TargetScan Human High (predicted) BNC2 
TargetScan Human High (predicted) BRINP1 
TargetScan Human High (predicted) BRPF3 
TargetScan Human High (predicted) BTBD11 
TargetScan Human High (predicted) BTBD18 
TargetScan Human High (predicted) C11orf95 
TargetScan Human High (predicted) C14orf28 
TargetScan Human High (predicted) C15orf53 
TargetScan Human High (predicted) C16orf58 
TargetScan Human High (predicted) C1orf21 
TargetScan Human High (predicted) C2CD4A 
TargetScan Human High (predicted) C3orf58 
TargetScan Human High (predicted) C3orf62 
TargetScan Human High (predicted) C3orf70 
TargetScan Human High (predicted) C7orf49 
TargetScan Human High (predicted) C8orf37 
TargetScan Human High (predicted) C9orf47 
TargetScan Human High (predicted) C9orf69 
TargetScan Human High (predicted) CA7 
TargetScan Human High (predicted) CACNA1E 
TargetScan Human High (predicted) CACNA2D2 
TargetScan Human High (predicted) CACNB1 
TargetScan Human High (predicted) CACNB3 
TargetScan Human High (predicted) CACNG2 
TargetScan Human High (predicted) CADM4 
TargetScan Human High (predicted) CALB1 
TargetScan Human High (predicted) CALCR 
TargetScan Human High (predicted) CALN1 
TargetScan Human High (predicted) CAMSAP1 
TargetScan Human High (predicted) CAMTA1 
TargetScan Human High (predicted) CAPN5 
TargetScan Human High (predicted) CAPN6 
TargetScan Human High (predicted) CASP2 
TargetScan Human High (predicted) CBFA2T3 
TargetScan Human High (predicted) CCDC50 
TargetScan Human High (predicted) CCDC85A 
TargetScan Human High (predicted) CCDC88A 
TargetScan Human High (predicted) CCL22 
TargetScan Human High (predicted) CCNE2 
TargetScan Human High (predicted) CCNJL 
TargetScan Human High (predicted) CDC25A 
TargetScan Human High (predicted) CDIP1 
TargetScan Human High (predicted) CDKN1C 
TargetScan Human High (predicted) CDS2 
TargetScan Human High (predicted) CELF3 
TargetScan Human High (predicted) CELF6 
TargetScan Human High (predicted) CEP19 
TargetScan Human High (predicted) CERS6 
TargetScan Human High (predicted) CHD1 
TargetScan Human High (predicted) CHM 
TargetScan Human High (predicted) CHMP7 
TargetScan Human High (predicted) CHST12 
TargetScan Human High (predicted) CLDN18 
TargetScan Human High (predicted) CLOCK 
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TargetScan Human High (predicted) CNOT6L 
TargetScan Human High (predicted) CNTN2 
TargetScan Human High (predicted) CNTNAP1 
TargetScan Human High (predicted) CNTNAP2 
TargetScan Human High (predicted) COL12A1 
TargetScan Human High (predicted) COL4A4 
TargetScan Human High (predicted) COMMD9 
TargetScan Human High (predicted) COPS7B 
TargetScan Human High (predicted) COPZ1 
TargetScan Human High (predicted) CORO1C 
TargetScan Human High (predicted) CPD 
TargetScan Human High (predicted) CPEB2 
TargetScan Human High (predicted) CPLX2 
TargetScan Human High (predicted) CR2 
TargetScan Human High (predicted) CREB3L1 
TargetScan Human High (predicted) CREB5 
TargetScan Human High (predicted) CREBRF 
TargetScan Human High (predicted) CRHR1 
TargetScan Human High (predicted) CRTC1 
TargetScan Human High (predicted) CRY2 
TargetScan Human High (predicted) CSF1R 
TargetScan Human High (predicted) CSMD1 
TargetScan Human High (predicted) CSNK1G1 
TargetScan Human High (predicted) CTCFL 
TargetScan Human High (predicted) CTDSP2 
TargetScan Human High (predicted) CTDSPL 
TargetScan Human High (predicted) CTNND1 
TargetScan Human High (predicted) CTNND2 
TargetScan Human High (predicted) CTTNBP2NL 
TargetScan Human High (predicted) CUX1 
TargetScan Human High (predicted) CYB561A3 
TargetScan Human High (predicted) CYCS 
TargetScan Human High (predicted) CYTH4 
TargetScan Human High (predicted) DAAM1 
TargetScan Human High (predicted) DAB2IP 
TargetScan Human High (predicted) DCAF11 
TargetScan Human High (predicted) DCAF7 
TargetScan Human High (predicted) DCP1A 
TargetScan Human High (predicted) DCX 
TargetScan Human High (predicted) DDX17 
TargetScan Human High (predicted) DGAT1 
TargetScan Human High (predicted) DGKI 
TargetScan Human High (predicted) DGKZ 
TargetScan Human High (predicted) DHRS13 
TargetScan Human High (predicted) DIXDC1 
TargetScan Human High (predicted) DMWD 
TargetScan Human High (predicted) DNAJB1 
TargetScan Human High (predicted) DNAJB2 
TargetScan Human High (predicted) DNAJC16 
TargetScan Human High (predicted) DNAJC24 
TargetScan Human High (predicted) DNM1L 
TargetScan Human High (predicted) DOCK3 
TargetScan Human High (predicted) DOK6 
TargetScan Human High (predicted) DPP3 
TargetScan Human High (predicted) DPP9-AS1 
TargetScan Human High (predicted) DPYD 
TargetScan Human High (predicted) DPYSL4 
TargetScan Human High (predicted) DRC7 
TargetScan Human High (predicted) DSEL 
TargetScan Human High (predicted) EEA1 
TargetScan Human High (predicted) EEF2K 
TargetScan Human High (predicted) EFNB1 
TargetScan Human High (predicted) EHD4 
TargetScan Human High (predicted) ELL2 
TargetScan Human High (predicted) ELMOD1 
TargetScan Human High (predicted) ELMSAN1 
TargetScan Human High (predicted) EME1 
TargetScan Human High (predicted) EML5 
TargetScan Human High (predicted) ENAM 
TargetScan Human High (predicted) EPN2 
TargetScan Human High (predicted) EPS15L1 
TargetScan Human High (predicted) ERC1 
TargetScan Human High (predicted) ERGIC1 
TargetScan Human High (predicted) ERLIN1 
TargetScan Human High (predicted) ERP44 
TargetScan Human High (predicted) ESRRA 
TargetScan Human High (predicted) ESYT3 
TargetScan Human High (predicted) EVI5L 
TargetScan Human High (predicted) F2RL2 
TargetScan Human High (predicted) F8 
TargetScan Human High (predicted) FAIM2 
TargetScan Human High (predicted) FAM107A 
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TargetScan Human High (predicted) FAM117B 
TargetScan Human High (predicted) FAM126B 
TargetScan Human High (predicted) FAM162B 
TargetScan Human High (predicted) FAM167A 
TargetScan Human High (predicted) FAM175B 
TargetScan Human High (predicted) FAM208A 
TargetScan Human High (predicted) FAM212B 
TargetScan Human High (predicted) FAM46A 
TargetScan Human High (predicted) FAM71F1 
TargetScan Human High (predicted) FAM73B 
TargetScan Human High (predicted) FAM76A 
TargetScan Human High (predicted) FAM83A 
TargetScan Human High (predicted) FAT2 
TargetScan Human High (predicted) FAT3 
TargetScan Human High (predicted) FAT4 
TargetScan Human High (predicted) FBXO10 
TargetScan Human High (predicted) FBXO30 
TargetScan Human High (predicted) FBXO41 
TargetScan Human High (predicted) FGD6 
TargetScan Human High (predicted) FGF23 
TargetScan Human High (predicted) FKBP1B 
TargetScan Human High (predicted) FLOT2 
TargetScan Human High (predicted) FNDC3B 
TargetScan Human High (predicted) FNDC5 
TargetScan Human High (predicted) FNDC8 
TargetScan Human High (predicted) FOSB 
TargetScan Human High (predicted) FOSL1 
TargetScan Human High (predicted) FOXG1 
TargetScan Human High (predicted) FOXJ2 
TargetScan Human High (predicted) FOXN2 
TargetScan Human High (predicted) FOXN3 
TargetScan Human High (predicted) FOXP2 
TargetScan Human High (predicted) FOXQ1 
TargetScan Human High (predicted) FRMD4A 
TargetScan Human High (predicted) FUCA2 
TargetScan Human High (predicted) FUK 
TargetScan Human High (predicted) FUT1 
TargetScan Human High (predicted) FUT8 
TargetScan Human High (predicted) FUT9 
TargetScan Human High (predicted) GAB1 
TargetScan Human High (predicted) GABBR2 
TargetScan Human High (predicted) GABRA3 
TargetScan Human High (predicted) GALNT7 
TargetScan Human High (predicted) GAS1 
TargetScan Human High (predicted) GAS8 
TargetScan Human High (predicted) GATA3 
TargetScan Human High (predicted) GATAD2B 
TargetScan Human High (predicted) GBA3 
TargetScan Human High (predicted) GCH1 
TargetScan Human High (predicted) GDAP1L1 
TargetScan Human High (predicted) GFRA1 
TargetScan Human High (predicted) GIGYF1 
TargetScan Human High (predicted) GINS3 
TargetScan Human High (predicted) GK5 
TargetScan Human High (predicted) GLCE 
TargetScan Human High (predicted) GLRA3 
TargetScan Human High (predicted) GLRX5 
TargetScan Human High (predicted) GMFB 
TargetScan Human High (predicted) GMNC 
TargetScan Human High (predicted) GNAI2 
TargetScan Human High (predicted) GNAO1 
TargetScan Human High (predicted) GOLPH3L 
TargetScan Human High (predicted) GP5 
TargetScan Human High (predicted) GPR12 
TargetScan Human High (predicted) GPR158 
TargetScan Human High (predicted) GPR22 
TargetScan Human High (predicted) GPR85 
TargetScan Human High (predicted) GPX8 
TargetScan Human High (predicted) GREM2 
TargetScan Human High (predicted) GRHL2 
TargetScan Human High (predicted) GRID1 
TargetScan Human High (predicted) GRM7 
TargetScan Human High (predicted) GRSF1 
TargetScan Human High (predicted) GSDMB 
TargetScan Human High (predicted) GSG1 
TargetScan Human High (predicted) HACE1 
TargetScan Human High (predicted) HCN3 
TargetScan Human High (predicted) HECW2 
TargetScan Human High (predicted) HK1 
TargetScan Human High (predicted) HNF4A 
TargetScan Human High (predicted) HNF4G 
TargetScan Human High (predicted) HNRNPUL2 
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TargetScan Human High (predicted) HOOK3 
TargetScan Human High (predicted) HOXA13 
TargetScan Human High (predicted) HS2ST1 
TargetScan Human High (predicted) HSBP1 
TargetScan Human High (predicted) HSPA1A/HSPA1B 
TargetScan Human High (predicted) HTR2A 
TargetScan Human High (predicted) HTR2C 
TargetScan Human High (predicted) HYAL3 
TargetScan Human High (predicted) IGFBP3 
TargetScan Human High (predicted) IGSF1 
TargetScan Human High (predicted) IKBKE 
TargetScan Human High (predicted) IL6R 
TargetScan Human High (predicted) INA 
TargetScan Human High (predicted) INF2 
TargetScan Human High (predicted) INHBB 
TargetScan Human High (predicted) IRF1 
TargetScan Human High (predicted) IRF2BP2 
TargetScan Human High (predicted) IRGQ 
TargetScan Human High (predicted) ISY1 
TargetScan Human High (predicted) ITGA10 
TargetScan Human High (predicted) ITGB8 
TargetScan Human High (predicted) ITSN1 
TargetScan Human High (predicted) JADE2 
TargetScan Human High (predicted) JAKMIP1 
TargetScan Human High (predicted) JMJD1C 
TargetScan Human High (predicted) JPH3 
TargetScan Human High (predicted) KCNH7 
TargetScan Human High (predicted) KCNK3 
TargetScan Human High (predicted) KCNN3 
TargetScan Human High (predicted) KCNQ3 
TargetScan Human High (predicted) KDM4C 
TargetScan Human High (predicted) KDM5D 
TargetScan Human High (predicted) KDM7A 
TargetScan Human High (predicted) KIAA0753 
TargetScan Human High (predicted) KIAA1024 
TargetScan Human High (predicted) KIAA1210 
TargetScan Human High (predicted) KIAA1217 
TargetScan Human High (predicted) KIAA1462 
TargetScan Human High (predicted) KIF17 
TargetScan Human High (predicted) KIT 
TargetScan Human High (predicted) KITLG 
TargetScan Human High (predicted) KLC2 
TargetScan Human High (predicted) KLF4 
TargetScan Human High (predicted) KLF6 
TargetScan Human High (predicted) KLHDC3 
TargetScan Human High (predicted) KLHL25 
TargetScan Human High (predicted) KLRC4-KLRK1/KLRK1 
TargetScan Human High (predicted) KLRD1 
TargetScan Human High (predicted) KMT2D 
TargetScan Human High (predicted) KMT5B 
TargetScan Human High (predicted) KRI1 
TargetScan Human High (predicted) LDHA 
TargetScan Human High (predicted) LEF1 
TargetScan Human High (predicted) LGI1 
TargetScan Human High (predicted) LGR4 
TargetScan Human High (predicted) LHCGR 
TargetScan Human High (predicted) LHPP 
TargetScan Human High (predicted) LIMD2 
TargetScan Human High (predicted) LIN28A 
TargetScan Human High (predicted) LMAN1 
TargetScan Human High (predicted) LMAN2L 
TargetScan Human High (predicted) LMBR1L 
TargetScan Human High (predicted) LMNB2 
TargetScan Human High (predicted) LMTK3 
TargetScan Human High (predicted) LPAR2 
TargetScan Human High (predicted) LPO 
TargetScan Human High (predicted) LRCH1 
TargetScan Human High (predicted) LRPAP1 
TargetScan Human High (predicted) LRRC40 
TargetScan Human High (predicted) LRRC55 
TargetScan Human High (predicted) LRRC56 
TargetScan Human High (predicted) LRRC7 
TargetScan Human High (predicted) LRRFIP1 
TargetScan Human High (predicted) LRRTM2 
TargetScan Human High (predicted) LYPLAL1 
TargetScan Human High (predicted) LYST 
TargetScan Human High (predicted) MAOA 
TargetScan Human High (predicted) MAP1A 
TargetScan Human High (predicted) MAP4K4 
TargetScan Human High (predicted) MAP7D3 
TargetScan Human High (predicted) MAPK13 
TargetScan Human High (predicted) MAPT 
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TargetScan Human High (predicted) MARCH5 
TargetScan Human High (predicted) MARCH8 
TargetScan Human High (predicted) MARCKSL1 
TargetScan Human High (predicted) MAZ 
TargetScan Human High (predicted) MBD6 
TargetScan Human High (predicted) MBLAC1 
TargetScan Human High (predicted) MBP 
TargetScan Human High (predicted) MCFD2 
TargetScan Human High (predicted) MCIDAS 
TargetScan Human High (predicted) MDM4 
TargetScan Human High (predicted) MED8 
TargetScan Human High (predicted) MEX3C 
TargetScan Human High (predicted) MFSD12 
TargetScan Human High (predicted) MGAT4A 
TargetScan Human High (predicted) MGAT5B 
TargetScan Human High (predicted) MLEC 
TargetScan Human High (predicted) MLLT1 
TargetScan Human High (predicted) MLLT3 
TargetScan Human High (predicted) MMAB 
TargetScan Human High (predicted) MOAP1 
TargetScan Human High (predicted) MON2 
TargetScan Human High (predicted) MPP2 
TargetScan Human High (predicted) MPPED2 
TargetScan Human High (predicted) MRPL10 
TargetScan Human High (predicted) MRPL17 
TargetScan Human High (predicted) MRPL52 
TargetScan Human High (predicted) MSL2 
TargetScan Human High (predicted) MTA2 
TargetScan Human High (predicted) MTF1 
TargetScan Human High (predicted) MTMR9 
TargetScan Human High (predicted) MTUS1 
TargetScan Human High (predicted) MYADM 
TargetScan Human High (predicted) MYH9 
TargetScan Human High (predicted) MYRIP 
TargetScan Human High (predicted) NAA50 
TargetScan Human High (predicted) NAP1L5 
TargetScan Human High (predicted) NAPEPLD 
TargetScan Human High (predicted) NAT8L 
TargetScan Human High (predicted) NAV1 
TargetScan Human High (predicted) NAV2 
TargetScan Human High (predicted) NAV3 
TargetScan Human High (predicted) NCDN 
TargetScan Human High (predicted) NCEH1 
TargetScan Human High (predicted) NCOA1 
TargetScan Human High (predicted) NCOR2 
TargetScan Human High (predicted) NDST1 
TargetScan Human High (predicted) NDUFC2 
TargetScan Human High (predicted) NEDD4L 
TargetScan Human High (predicted) NETO1 
TargetScan Human High (predicted) NEURL1B 
TargetScan Human High (predicted) NEUROD2 
TargetScan Human High (predicted) NFATC4 
TargetScan Human High (predicted) NFE2L1 
TargetScan Human High (predicted) NKTR 
TargetScan Human High (predicted) NMT2 
TargetScan Human High (predicted) NMUR1 
TargetScan Human High (predicted) NOP2 
TargetScan Human High (predicted) NOS1 
TargetScan Human High (predicted) NOS1AP 
TargetScan Human High (predicted) NPTX1 
TargetScan Human High (predicted) NR2C2 
TargetScan Human High (predicted) NR4A2 
TargetScan Human High (predicted) NRIP3 
TargetScan Human High (predicted) NRN1 
TargetScan Human High (predicted) NRXN2 
TargetScan Human High (predicted) NSD1 
TargetScan Human High (predicted) NTN4 
TargetScan Human High (predicted) NUMBL 
TargetScan Human High (predicted) OBFC1 
TargetScan Human High (predicted) OLFML1 
TargetScan Human High (predicted) OLIG3 
TargetScan Human High (predicted) ONECUT2 
TargetScan Human High (predicted) OR2H1 
TargetScan Human High (predicted) ORAI3 
TargetScan Human High (predicted) ORMDL3 
TargetScan Human High (predicted) OSGIN2 
TargetScan Human High (predicted) OTUD3 
TargetScan Human High (predicted) OVOL2 
TargetScan Human High (predicted) OXSR1 
TargetScan Human High (predicted) P2RY14 
TargetScan Human High (predicted) PACS1 
TargetScan Human High (predicted) PAG1 
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TargetScan Human High (predicted) PALM2 
TargetScan Human High (predicted) PAPPA 
TargetScan Human High (predicted) PAQR7 
TargetScan Human High (predicted) PARD6B 
TargetScan Human High (predicted) PARP8 
TargetScan Human High (predicted) PCLO 
TargetScan Human High (predicted) PCNX 
TargetScan Human High (predicted) PCYOX1 
TargetScan Human High (predicted) PDCD4 
TargetScan Human High (predicted) PDE4B 
TargetScan Human High (predicted) PDE7B 
TargetScan Human High (predicted) PDGFRA 
TargetScan Human High (predicted) PDGFRB 
TargetScan Human High (predicted) PDK3 
TargetScan Human High (predicted) PDXK 
TargetScan Human High (predicted) PEA15 
TargetScan Human High (predicted) PEAK1 
TargetScan Human High (predicted) PEG10 
TargetScan Human High (predicted) PFKM 
TargetScan Human High (predicted) PGAP2 
TargetScan Human High (predicted) PGF 
TargetScan Human High (predicted) PGM1 
TargetScan Human High (predicted) PGRMC2 
TargetScan Human High (predicted) PHF19 
TargetScan Human High (predicted) PHF24 
TargetScan Human High (predicted) PID1 
TargetScan Human High (predicted) PIGZ 
TargetScan Human High (predicted) PIP5K1A 
TargetScan Human High (predicted) PKIA 
TargetScan Human High (predicted) PKNOX1 
TargetScan Human High (predicted) PKP4 
TargetScan Human High (predicted) PLA2G15 
TargetScan Human High (predicted) PLA2G2F 
TargetScan Human High (predicted) PLAG1 
TargetScan Human High (predicted) PLCG1 
TargetScan Human High (predicted) PLEKHH2 
TargetScan Human High (predicted) PLET1 
TargetScan Human High (predicted) PLIN4 
TargetScan Human High (predicted) PLN 
TargetScan Human High (predicted) PLOD1 
TargetScan Human High (predicted) PLPP5 
TargetScan Human High (predicted) PNOC 
TargetScan Human High (predicted) PODXL 
TargetScan Human High (predicted) POFUT1 
TargetScan Human High (predicted) POGZ 
TargetScan Human High (predicted) POU2F1 
TargetScan Human High (predicted) POU6F1 
TargetScan Human High (predicted) PPARGC1B 
TargetScan Human High (predicted) PPFIA1 
TargetScan Human High (predicted) PPM1A 
TargetScan Human High (predicted) PPP1R10 
TargetScan Human High (predicted) PPP1R11 
TargetScan Human High (predicted) PPP1R16B 
TargetScan Human High (predicted) PPP1R9B 
TargetScan Human High (predicted) PPP2R3A 
TargetScan Human High (predicted) PREB 
TargetScan Human High (predicted) PRKCE 
TargetScan Human High (predicted) PRKCQ 
TargetScan Human High (predicted) PRKD1 
TargetScan Human High (predicted) PSD3 
TargetScan Human High (predicted) PTGIS 
TargetScan Human High (predicted) PTPRD 
TargetScan Human High (predicted) PTPRM 
TargetScan Human High (predicted) PURB 
TargetScan Human High (predicted) PVRL1 
TargetScan Human High (predicted) PXDC1 
TargetScan Human High (predicted) RAB11FIP4 
TargetScan Human High (predicted) RAB36 
TargetScan Human High (predicted) RAD9B 
TargetScan Human High (predicted) RAE1 
TargetScan Human High (predicted) RALGDS 
TargetScan Human High (predicted) RALGPS1 
TargetScan Human High (predicted) RALGPS2 
TargetScan Human High (predicted) RANBP10 
TargetScan Human High (predicted) RAP1GAP 
TargetScan Human High (predicted) RAP1GDS1 
TargetScan Human High (predicted) RAPH1 
TargetScan Human High (predicted) RARB 
TargetScan Human High (predicted) RASGEF1C 
TargetScan Human High (predicted) RASGRP4 
TargetScan Human High (predicted) RASL12 
TargetScan Human High (predicted) RBFOX2 
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TargetScan Human High (predicted) RCAN1 
TargetScan Human High (predicted) RECK 
TargetScan Human High (predicted) RELN 
TargetScan Human High (predicted) RELT 
TargetScan Human High (predicted) RET 
TargetScan Human High (predicted) RGMB 
TargetScan Human High (predicted) RGS17 
TargetScan Human High (predicted) RHOV 
TargetScan Human High (predicted) RIC8B 
TargetScan Human High (predicted) RIMS3 
TargetScan Human High (predicted) RIMS4 
TargetScan Human High (predicted) RNF165 
TargetScan Human High (predicted) RNF169 
TargetScan Human High (predicted) RNF34 
TargetScan Human High (predicted) RNF41 
TargetScan Human High (predicted) RNF44 
TargetScan Human High (predicted) ROCK1 
TargetScan Human High (predicted) RORA 
TargetScan Human High (predicted) RPS6KA4 
TargetScan Human High (predicted) RPS6KL1 
TargetScan Human High (predicted) RRAS 
TargetScan Human High (predicted) RSPO4 
TargetScan Human High (predicted) RTF1 
TargetScan Human High (predicted) RTN4RL1 
TargetScan Human High (predicted) RUFY2 
TargetScan Human High (predicted) SAMD12 
TargetScan Human High (predicted) SAR1A 
TargetScan Human High (predicted) SATB1 
TargetScan Human High (predicted) SATB2 
TargetScan Human High (predicted) SBK1 
TargetScan Human High (predicted) SCML2 
TargetScan Human High (predicted) SCN1A 
TargetScan Human High (predicted) SCN2B 
TargetScan Human High (predicted) SCNN1G 
TargetScan Human High (predicted) SDHC 
TargetScan Human High (predicted) SDK2 
TargetScan Human High (predicted) SDR9C7 
TargetScan Human High (predicted) SEMA4B 
TargetScan Human High (predicted) SEMA4C 
TargetScan Human High (predicted) SEMA4F 
TargetScan Human High (predicted) SEPT3 
TargetScan Human High (predicted) SERPINE1 
TargetScan Human High (predicted) SERPINF2 
TargetScan Human High (predicted) SF3B3 
TargetScan Human High (predicted) SFMBT2 
TargetScan Human High (predicted) SGPP1 
TargetScan Human High (predicted) SGSM2 
TargetScan Human High (predicted) SGTA 
TargetScan Human High (predicted) SHE 
TargetScan Human High (predicted) SHISA7 
TargetScan Human High (predicted) SHKBP1 
TargetScan Human High (predicted) SIDT1 
TargetScan Human High (predicted) SIDT2 
TargetScan Human High (predicted) SIPA1 
TargetScan Human High (predicted) SIRPB1 
TargetScan Human High (predicted) SIRT6 
TargetScan Human High (predicted) SIX3 
TargetScan Human High (predicted) SKI 
TargetScan Human High (predicted) SLC12A2 
TargetScan Human High (predicted) SLC16A2 
TargetScan Human High (predicted) SLC25A27 
TargetScan Human High (predicted) SLC27A4 
TargetScan Human High (predicted) SLC2A13 
TargetScan Human High (predicted) SLC2A4RG 
TargetScan Human High (predicted) SLC30A3 
TargetScan Human High (predicted) SLC31A2 
TargetScan Human High (predicted) SLC44A2 
TargetScan Human High (predicted) SLC4A7 
TargetScan Human High (predicted) SLC5A3 
TargetScan Human High (predicted) SLC6A1 
TargetScan Human High (predicted) SLC6A17 
TargetScan Human High (predicted) SLC7A2 
TargetScan Human High (predicted) SLC7A6 
TargetScan Human High (predicted) SLCO3A1 
TargetScan Human High (predicted) SMAD4 
TargetScan Human High (predicted) SMCO1 
TargetScan Human High (predicted) SMIM15 
TargetScan Human High (predicted) SMIM24 
TargetScan Human High (predicted) SNAI1 
TargetScan Human High (predicted) SNTB2 
TargetScan Human High (predicted) SNX15 
TargetScan Human High (predicted) SNX30 
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TargetScan Human High (predicted) SNX4 
TargetScan Human High (predicted) SOCS4 
TargetScan Human High (predicted) SOGA1 
TargetScan Human High (predicted) SOX4 
TargetScan Human High (predicted) SP2 
TargetScan Human High (predicted) SPCS2 
TargetScan Human High (predicted) SPEG 
TargetScan Human High (predicted) SPICE1 
TargetScan Human High (predicted) SPRED1 
TargetScan Human High (predicted) SPRN 
TargetScan Human High (predicted) SPRY3 
TargetScan Human High (predicted) SRC 
TargetScan Human High (predicted) SRCIN1 
TargetScan Human High (predicted) SRPRA 
TargetScan Human High (predicted) SSX5 
TargetScan Human High (predicted) ST8SIA3 
TargetScan Human High (predicted) STAB2 
TargetScan Human High (predicted) STAC2 
TargetScan Human High (predicted) STK38L 
TargetScan Human High (predicted) STRN3 
TargetScan Human High (predicted) STX17 
TargetScan Human High (predicted) STX1A 
TargetScan Human High (predicted) SURF4 
TargetScan Human High (predicted) SVIP 
TargetScan Human High (predicted) SVOP 
TargetScan Human High (predicted) SYN2 
TargetScan Human High (predicted) SYNJ1 
TargetScan Human High (predicted) SYT1 
TargetScan Human High (predicted) SYT9 
TargetScan Human High (predicted) SYVN1 
TargetScan Human High (predicted) SZRD1 
TargetScan Human High (predicted) TAF4B 
TargetScan Human High (predicted) TAF5 
TargetScan Human High (predicted) TANC2 
TargetScan Human High (predicted) TBC1D13 
TargetScan Human High (predicted) TBC1D25 
TargetScan Human High (predicted) TBC1D30 
TargetScan Human High (predicted) TBCK 
TargetScan Human High (predicted) TBL1XR1 
TargetScan Human High (predicted) TCF12 
TargetScan Human High (predicted) TDRD6 
TargetScan Human High (predicted) TFCP2L1 
TargetScan Human High (predicted) TFDP2 
TargetScan Human High (predicted) TGIF2 
TargetScan Human High (predicted) THSD4 
TargetScan Human High (predicted) THUMPD3 
TargetScan Human High (predicted) TM7SF3 
TargetScan Human High (predicted) TM9SF3 
TargetScan Human High (predicted) TMCC3 
TargetScan Human High (predicted) TMEM104 
TargetScan Human High (predicted) TMEM109 
TargetScan Human High (predicted) TMEM130 
TargetScan Human High (predicted) TMEM164 
TargetScan Human High (predicted) TMEM167B 
TargetScan Human High (predicted) TMEM184B 
TargetScan Human High (predicted) TMEM200B 
TargetScan Human High (predicted) TMEM201 
TargetScan Human High (predicted) TMEM246 
TargetScan Human High (predicted) TMEM255A 
TargetScan Human High (predicted) TMEM33 
TargetScan Human High (predicted) TMEM35 
TargetScan Human High (predicted) TMEM52B 
TargetScan Human High (predicted) TMEM55A 
TargetScan Human High (predicted) TMEM97 
TargetScan Human High (predicted) TMOD2 
TargetScan Human High (predicted) TMTC3 
TargetScan Human High (predicted) TNKS 
TargetScan Human High (predicted) TNP1 
TargetScan Human High (predicted) TNRC18 
TargetScan Human High (predicted) TNRC6B 
TargetScan Human High (predicted) TOB2 
TargetScan Human High (predicted) TOM1 
TargetScan Human High (predicted) TOX 
TargetScan Human High (predicted) TP53INP2 
TargetScan Human High (predicted) TP73 
TargetScan Human High (predicted) TPCN2 
TargetScan Human High (predicted) TPD52 
TargetScan Human High (predicted) TPD52L3 
TargetScan Human High (predicted) TRANK1 
TargetScan Human High (predicted) TRIM41 
TargetScan Human High (predicted) TRIM67 
TargetScan Human High (predicted) TRIM9 
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TargetScan Human High (predicted) TSEN15 
TargetScan Human High (predicted) TSHZ2 
TargetScan Human High (predicted) TSN 
TargetScan Human High (predicted) TSPAN14 
TargetScan Human High (predicted) TSPAN18 
TargetScan Human High (predicted) TSSC4 
TargetScan Human High (predicted) TTC19 
TargetScan Human High (predicted) TUFT1 
TargetScan Human High (predicted) TUSC5 
TargetScan Human High (predicted) TWIST2 
TargetScan Human High (predicted) UBE2G1 
TargetScan Human High (predicted) UBE2QL1 
TargetScan Human High (predicted) UBN2 
TargetScan Human High (predicted) UBP1 
TargetScan Human High (predicted) UBR1 
TargetScan Human High (predicted) UBXN10 
TargetScan Human High (predicted) UCK2 
TargetScan Human High (predicted) UCN2 
TargetScan Human High (predicted) UCP3 
TargetScan Human High (predicted) UHRF2 
TargetScan Human High (predicted) UNG 
TargetScan Human High (predicted) USF1 
TargetScan Human High (predicted) USP24 
TargetScan Human High (predicted) USP31 
TargetScan Human High (predicted) VAMP2 
TargetScan Human High (predicted) VAT1 
TargetScan Human High (predicted) VCL 
TargetScan Human High (predicted) VPS37A 
TargetScan Human High (predicted) VPS37B 
TargetScan Human High (predicted) VPS37D 
TargetScan Human High (predicted) VPS4A 
TargetScan Human High (predicted) VTCN1 
TargetScan Human High (predicted) VTI1A 
TargetScan Human High (predicted) VWA5B2 
TargetScan Human High (predicted) WASF1 
TargetScan Human High (predicted) WDR37 
TargetScan Human High (predicted) WHSC1 
TargetScan Human High (predicted) WSCD2 
TargetScan Human High (predicted) WTAP 
TargetScan Human High (predicted) XIRP1 
TargetScan Human High (predicted) XPO5 
TargetScan Human High (predicted) XYLT1 
TargetScan Human High (predicted) YTHDC1 
TargetScan Human High (predicted) YY1 
TargetScan Human High (predicted) ZBTB46 
TargetScan Human High (predicted) ZBTB9 
TargetScan Human High (predicted) ZC3H4 
TargetScan Human High (predicted) ZC3H7B 
TargetScan Human High (predicted) ZCCHC17 
TargetScan Human High (predicted) ZDHHC16 
TargetScan Human High (predicted) ZDHHC17 
TargetScan Human High (predicted) ZDHHC23 
TargetScan Human High (predicted) ZER1 
TargetScan Human High (predicted) ZFHX4 
TargetScan Human High (predicted) ZFP41 
TargetScan Human High (predicted) ZHX2 
TargetScan Human High (predicted) ZIC5 
TargetScan Human High (predicted) ZMYM4 
TargetScan Human High (predicted) ZNF16 
TargetScan Human High (predicted) ZNF275 
TargetScan Human High (predicted) ZNF281 
TargetScan Human High (predicted) ZNF282 
TargetScan Human High (predicted) ZNF285 
TargetScan Human High (predicted) ZNF287 
TargetScan Human High (predicted) ZNF304 
TargetScan Human High (predicted) ZNF551 
TargetScan Human High (predicted) ZNF641 
TargetScan Human High (predicted) ZNF644 
TargetScan Human High (predicted) ZNF831 
TargetScan Human High (predicted) ZNF844 
TargetScan Human High (predicted) ZSCAN22 
TargetScan Human High (predicted) ZSCAN29 
TargetScan Human High (predicted) ZSCAN9 
TargetScan Human High (predicted) ZSWIM5 
TargetScan Human High (predicted) ZYG11B 
TargetScan Human High (predicted),Moderate (predicted) DSC3 
TargetScan Human Moderate (predicted) ABCC12 
TargetScan Human Moderate (predicted) ABCG4 
TargetScan Human Moderate (predicted) ABHD12 
TargetScan Human Moderate (predicted) ABLIM3 
TargetScan Human Moderate (predicted) ABRACL 
TargetScan Human Moderate (predicted) ACE 
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TargetScan Human Moderate (predicted) ACKR1 
TargetScan Human Moderate (predicted) ACKR4 
TargetScan Human Moderate (predicted) ACTR8 
TargetScan Human Moderate (predicted) ADAM11 
TargetScan Human Moderate (predicted) ADAM12 
TargetScan Human Moderate (predicted) ADGRE2 
TargetScan Human Moderate (predicted) ADGRF2 
TargetScan Human Moderate (predicted) ADK 
TargetScan Human Moderate (predicted) ADPRH 
TargetScan Human Moderate (predicted) ADRA1D 
TargetScan Human Moderate (predicted) AGTR1 
TargetScan Human Moderate (predicted) AIF1L 
TargetScan Human Moderate (predicted) AK9 
TargetScan Human Moderate (predicted) AKTIP 
TargetScan Human Moderate (predicted) AMOTL1 
TargetScan Human Moderate (predicted) AMOTL2 
TargetScan Human Moderate (predicted) AMZ1 
TargetScan Human Moderate (predicted) ANGEL1 
TargetScan Human Moderate (predicted) ANKRD23 
TargetScan Human Moderate (predicted) ANP32B 
TargetScan Human Moderate (predicted) AP3S2 
TargetScan Human Moderate (predicted) APLNR 
TargetScan Human Moderate (predicted) ARHGEF9 
TargetScan Human Moderate (predicted) ARMC5 
TargetScan Human Moderate (predicted) ARPIN/C15orf38-AP3S2 
TargetScan Human Moderate (predicted) ARSB 
TargetScan Human Moderate (predicted) ASXL2 
TargetScan Human Moderate (predicted) ATG13 
TargetScan Human Moderate (predicted) ATG2B 
TargetScan Human Moderate (predicted) ATP13A3 
TargetScan Human Moderate (predicted) ATP5SL 
TargetScan Human Moderate (predicted) ATP6V1E1 
TargetScan Human Moderate (predicted) ATPAF1 
TargetScan Human Moderate (predicted) ATPIF1 
TargetScan Human Moderate (predicted) ATXN1L 
TargetScan Human Moderate (predicted) BBS1 
TargetScan Human Moderate (predicted) BCAN 
TargetScan Human Moderate (predicted) BCCIP 
TargetScan Human Moderate (predicted) BCL6 
TargetScan Human Moderate (predicted) BCO2 
TargetScan Human Moderate (predicted) BDKRB2 
TargetScan Human Moderate (predicted) BEST1 
TargetScan Human Moderate (predicted) BET1 
TargetScan Human Moderate (predicted) BMF 
TargetScan Human Moderate (predicted) BORCS8 
TargetScan Human Moderate (predicted) BRAT1 
TargetScan Human Moderate (predicted) BSN 
TargetScan Human Moderate (predicted) BSPRY 
TargetScan Human Moderate (predicted) C10orf131 
TargetScan Human Moderate (predicted) C10orf88 
TargetScan Human Moderate (predicted) C12orf29 
TargetScan Human Moderate (predicted) C12orf57 
TargetScan Human Moderate (predicted) C15orf54 
TargetScan Human Moderate (predicted) C1orf95 
TargetScan Human Moderate (predicted) C2CD2 
TargetScan Human Moderate (predicted) C2orf44 
TargetScan Human Moderate (predicted) C2orf61 
TargetScan Human Moderate (predicted) C2orf71 
TargetScan Human Moderate (predicted) C3orf17 
TargetScan Human Moderate (predicted) C5orf64 
TargetScan Human Moderate (predicted) C6orf222 
TargetScan Human Moderate (predicted) CA9 
TargetScan Human Moderate (predicted) CABLES1 
TargetScan Human Moderate (predicted) CACNG4 
TargetScan Human Moderate (predicted) CALCA 
TargetScan Human Moderate (predicted) CALCB 
TargetScan Human Moderate (predicted) CALCOCO2 
TargetScan Human Moderate (predicted) CALHM1 
TargetScan Human Moderate (predicted) CALU 
TargetScan Human Moderate (predicted) CAMLG 
TargetScan Human Moderate (predicted) CAP1 
TargetScan Human Moderate (predicted) CAPN14 
TargetScan Human Moderate (predicted) CAPN9 
TargetScan Human Moderate (predicted) CAV3 
TargetScan Human Moderate (predicted) CBX3 
TargetScan Human Moderate (predicted) CCR1 
TargetScan Human Moderate (predicted) CD99L2 
TargetScan Human Moderate (predicted) CDA 
TargetScan Human Moderate (predicted) CDAN1 
TargetScan Human Moderate (predicted) CDC23 
TargetScan Human Moderate (predicted) CDC42SE2 
TargetScan Human Moderate (predicted) CDH13 
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TargetScan Human Moderate (predicted) CDH9 
TargetScan Human Moderate (predicted) CDKL2 
TargetScan Human Moderate (predicted) CDRT1 
TargetScan Human Moderate (predicted) CELF2 
TargetScan Human Moderate (predicted) CERS5 
TargetScan Human Moderate (predicted) CES4A 
TargetScan Human Moderate (predicted) CFTR 
TargetScan Human Moderate (predicted) CHCHD7 
TargetScan Human Moderate (predicted) CHD3 
TargetScan Human Moderate (predicted) CHMP3 
TargetScan Human Moderate (predicted) CHRAC1 
TargetScan Human Moderate (predicted) CHST10 
TargetScan Human Moderate (predicted) CHST13 
TargetScan Human Moderate (predicted) CHST3 
TargetScan Human Moderate (predicted) CIAO1 
TargetScan Human Moderate (predicted) CLDN22 
TargetScan Human Moderate (predicted) CLIC5 
TargetScan Human Moderate (predicted) CLIP3 
TargetScan Human Moderate (predicted) CNOT4 
TargetScan Human Moderate (predicted) CNST 
TargetScan Human Moderate (predicted) CNTN3 
TargetScan Human Moderate (predicted) CNTNAP4 
TargetScan Human Moderate (predicted) COG3 
TargetScan Human Moderate (predicted) COG6 
TargetScan Human Moderate (predicted) COL25A1 
TargetScan Human Moderate (predicted) COL26A1 
TargetScan Human Moderate (predicted) COL5A2 
TargetScan Human Moderate (predicted) CPA4 
TargetScan Human Moderate (predicted) CPEB3 
TargetScan Human Moderate (predicted) CRB3 
TargetScan Human Moderate (predicted) CRNKL1 
TargetScan Human Moderate (predicted) CSDC2 
TargetScan Human Moderate (predicted) CSRNP3 
TargetScan Human Moderate (predicted) CWC25 
TargetScan Human Moderate (predicted) CXCL10 
TargetScan Human Moderate (predicted) CXCL11 
TargetScan Human Moderate (predicted) CXCL16 
TargetScan Human Moderate (predicted) CXCR1 
TargetScan Human Moderate (predicted) CYB5RL 
TargetScan Human Moderate (predicted) CYBRD1 
TargetScan Human Moderate (predicted) CYP4F8 
TargetScan Human Moderate (predicted) DAG1 
TargetScan Human Moderate (predicted) DAPK2 
TargetScan Human Moderate (predicted) DBNDD1 
TargetScan Human Moderate (predicted) DBNL 
TargetScan Human Moderate (predicted) DDN 
TargetScan Human Moderate (predicted) DDX10 
TargetScan Human Moderate (predicted) DGCR14 
TargetScan Human Moderate (predicted) DGKB 
TargetScan Human Moderate (predicted) DIEXF 
TargetScan Human Moderate (predicted) DISC1 
TargetScan Human Moderate (predicted) DKK1 
TargetScan Human Moderate (predicted) DLG3 
TargetScan Human Moderate (predicted) DLX1 
TargetScan Human Moderate (predicted) DMRTC1/DMRTC1B 
TargetScan Human Moderate (predicted) DOCK8 
TargetScan Human Moderate (predicted) DOCK9 
TargetScan Human Moderate (predicted) DPH6 
TargetScan Human Moderate (predicted) DRD2 
TargetScan Human Moderate (predicted) DUSP4 
TargetScan Human Moderate (predicted) DUSP8 
TargetScan Human Moderate (predicted) DYNC1LI1 
TargetScan Human Moderate (predicted) ECE1 
TargetScan Human Moderate (predicted) EDAR 
TargetScan Human Moderate (predicted) EFNB3 
TargetScan Human Moderate (predicted) EGFLAM 
TargetScan Human Moderate (predicted) EI24 
TargetScan Human Moderate (predicted) EIF2S2 
TargetScan Human Moderate (predicted) ELMO1 
TargetScan Human Moderate (predicted) EPHA10 
TargetScan Human Moderate (predicted) EPHA4 
TargetScan Human Moderate (predicted) EPHB2 
TargetScan Human Moderate (predicted) FAM120AOS 
TargetScan Human Moderate (predicted) FAM124A 
TargetScan Human Moderate (predicted) FAM127C 
TargetScan Human Moderate (predicted) FAM131B 
TargetScan Human Moderate (predicted) FAM207A 
TargetScan Human Moderate (predicted) FAM234A 
TargetScan Human Moderate (predicted) FARP2 
TargetScan Human Moderate (predicted) FASTKD2 
TargetScan Human Moderate (predicted) FBXO16 
TargetScan Human Moderate (predicted) FBXW2 
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TargetScan Human Moderate (predicted) FBXW4 
TargetScan Human Moderate (predicted) FCHO2 
TargetScan Human Moderate (predicted) FES 
TargetScan Human Moderate (predicted) FETUB 
TargetScan Human Moderate (predicted) FGD3 
TargetScan Human Moderate (predicted) FGFRL1 
TargetScan Human Moderate (predicted) FKBP11 
TargetScan Human Moderate (predicted) FKBP1A 
TargetScan Human Moderate (predicted) FKBP9 
TargetScan Human Moderate (predicted) FLJ45513 
TargetScan Human Moderate (predicted) FLVCR2 
TargetScan Human Moderate (predicted) FMNL3 
TargetScan Human Moderate (predicted) FMO5 
TargetScan Human Moderate (predicted) FOXI1 
TargetScan Human Moderate (predicted) FOXP3 
TargetScan Human Moderate (predicted) FOXR2 
TargetScan Human Moderate (predicted) FRA10AC1 
TargetScan Human Moderate (predicted) FRK 
TargetScan Human Moderate (predicted) FUT5 
TargetScan Human Moderate (predicted) FXYD2 
TargetScan Human Moderate (predicted) FXYD6-FXYD2 
TargetScan Human Moderate (predicted) FZR1 
TargetScan Human Moderate (predicted) GABRG3 
TargetScan Human Moderate (predicted) GALM 
TargetScan Human Moderate (predicted) GALNT10 
TargetScan Human Moderate (predicted) GATC 
TargetScan Human Moderate (predicted) GBP5 
TargetScan Human Moderate (predicted) GCNT2 
TargetScan Human Moderate (predicted) GEMIN5 
TargetScan Human Moderate (predicted) GFAP 
TargetScan Human Moderate (predicted) GJD3 
TargetScan Human Moderate (predicted) GLP1R 
TargetScan Human Moderate (predicted) GLTP 
TargetScan Human Moderate (predicted) GLYATL3 
TargetScan Human Moderate (predicted) GMIP 
TargetScan Human Moderate (predicted) GNPDA1 
TargetScan Human Moderate (predicted) GOLGB1 
TargetScan Human Moderate (predicted) GPD2 
TargetScan Human Moderate (predicted) GPHB5 
TargetScan Human Moderate (predicted) GPIHBP1 
TargetScan Human Moderate (predicted) GPR107 
TargetScan Human Moderate (predicted) GPR143 
TargetScan Human Moderate (predicted) GPR156 
TargetScan Human Moderate (predicted) GPR55 
TargetScan Human Moderate (predicted) GPX3 
TargetScan Human Moderate (predicted) GRAPL 
TargetScan Human Moderate (predicted) GRID2IP 
TargetScan Human Moderate (predicted) GRK6 
TargetScan Human Moderate (predicted) GTF2F1 
TargetScan Human Moderate (predicted) GUCY1A3 
TargetScan Human Moderate (predicted) GYPE 
TargetScan Human Moderate (predicted) HBS1L 
TargetScan Human Moderate (predicted) HERC6 
TargetScan Human Moderate (predicted) HEYL 
TargetScan Human Moderate (predicted) HGF 
TargetScan Human Moderate (predicted) HGH1 
TargetScan Human Moderate (predicted) HID1 
TargetScan Human Moderate (predicted) HIP1 
TargetScan Human Moderate (predicted) HLA-DQA1 
TargetScan Human Moderate (predicted) HMGCS1 
TargetScan Human Moderate (predicted) HMGN4 
TargetScan Human Moderate (predicted) HMMR 
TargetScan Human Moderate (predicted) HNF1A 
TargetScan Human Moderate (predicted) HNRNPUL1 
TargetScan Human Moderate (predicted) HPSE 
TargetScan Human Moderate (predicted) HS1BP3 
TargetScan Human Moderate (predicted) HSPB6 
TargetScan Human Moderate (predicted) HSPBP1 
TargetScan Human Moderate (predicted) ICOSLG/LOC102723996 
TargetScan Human Moderate (predicted) IDH1 
TargetScan Human Moderate (predicted) IER5L 
TargetScan Human Moderate (predicted) IFI35 
TargetScan Human Moderate (predicted) IGF2BP3 
TargetScan Human Moderate (predicted) IL10RB 
TargetScan Human Moderate (predicted) IL1RN 
TargetScan Human Moderate (predicted) IL21R 
TargetScan Human Moderate (predicted) IL2RB 
TargetScan Human Moderate (predicted) ILDR1 
TargetScan Human Moderate (predicted) ILDR2 
TargetScan Human Moderate (predicted) ING3 
TargetScan Human Moderate (predicted) INPP5B 
TargetScan Human Moderate (predicted) INPP5D 
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TargetScan Human Moderate (predicted) INSM2 
TargetScan Human Moderate (predicted) IRAK2 
TargetScan Human Moderate (predicted) IRAK4 
TargetScan Human Moderate (predicted) IRF4 
TargetScan Human Moderate (predicted) IRS1 
TargetScan Human Moderate (predicted) ISY1-RAB43 
TargetScan Human Moderate (predicted) JAZF1 
TargetScan Human Moderate (predicted) JPH1 
TargetScan Human Moderate (predicted) JRK 
TargetScan Human Moderate (predicted) KBTBD12 
TargetScan Human Moderate (predicted) KCNA2 
TargetScan Human Moderate (predicted) KCNC3 
TargetScan Human Moderate (predicted) KCNJ8 
TargetScan Human Moderate (predicted) KCNS2 
TargetScan Human Moderate (predicted) KCTD21 
TargetScan Human Moderate (predicted) KDELR3 
TargetScan Human Moderate (predicted) KDM8 
TargetScan Human Moderate (predicted) KIAA0825 
TargetScan Human Moderate (predicted) KIF13A 
TargetScan Human Moderate (predicted) KLF17 
TargetScan Human Moderate (predicted) KLHDC7A 
TargetScan Human Moderate (predicted) KLHDC8B 
TargetScan Human Moderate (predicted) KLHL23/PHOSPHO2-KLHL23 
TargetScan Human Moderate (predicted) KLK13 
TargetScan Human Moderate (predicted) KRT5 
TargetScan Human Moderate (predicted) KRT74 
TargetScan Human Moderate (predicted) KRT82 
TargetScan Human Moderate (predicted) KRTAP10-7 
TargetScan Human Moderate (predicted) KSR1 
TargetScan Human Moderate (predicted) KSR2 
TargetScan Human Moderate (predicted) KY 
TargetScan Human Moderate (predicted) LCLAT1 
TargetScan Human Moderate (predicted) LDAH 
TargetScan Human Moderate (predicted) LDOC1L 
TargetScan Human Moderate (predicted) LELP1 
TargetScan Human Moderate (predicted) LEPROTL1 
TargetScan Human Moderate (predicted) LETM1 
TargetScan Human Moderate (predicted) LGI3 
TargetScan Human Moderate (predicted) LIMA1 
TargetScan Human Moderate (predicted) LMNA 
TargetScan Human Moderate (predicted) LOC100130705 
TargetScan Human Moderate (predicted) LPCAT1 
TargetScan Human Moderate (predicted) LRIG1 
TargetScan Human Moderate (predicted) LRP4 
TargetScan Human Moderate (predicted) LRRC46 
TargetScan Human Moderate (predicted) LSM14B 
TargetScan Human Moderate (predicted) LTF 
TargetScan Human Moderate (predicted) LUZP4 
TargetScan Human Moderate (predicted) LY6G5B 
TargetScan Human Moderate (predicted) LYPD8 
TargetScan Human Moderate (predicted) LZTS2 
TargetScan Human Moderate (predicted) MAF1 
TargetScan Human Moderate (predicted) MAGEA12 
TargetScan Human Moderate (predicted) MAGEA2/MAGEA2B 
TargetScan Human Moderate (predicted) MAGT1 
TargetScan Human Moderate (predicted) MAL 
TargetScan Human Moderate (predicted) MAP3K14 
TargetScan Human Moderate (predicted) MAP3K15 
TargetScan Human Moderate (predicted) MAP6D1 
TargetScan Human Moderate (predicted) MAPRE2 
TargetScan Human Moderate (predicted) MARCKS 
TargetScan Human Moderate (predicted) MARVELD3 
TargetScan Human Moderate (predicted) MAST3 
TargetScan Human Moderate (predicted) MC2R 
TargetScan Human Moderate (predicted) MCMDC2 
TargetScan Human Moderate (predicted) MCTP1 
TargetScan Human Moderate (predicted) MDFIC 
TargetScan Human Moderate (predicted) MECR 
TargetScan Human Moderate (predicted) MED19 
TargetScan Human Moderate (predicted) MED27 
TargetScan Human Moderate (predicted) METAP1 
TargetScan Human Moderate (predicted) METTL1 
TargetScan Human Moderate (predicted) METTL4 
TargetScan Human Moderate (predicted) MFAP4 
TargetScan Human Moderate (predicted) MFN2 
TargetScan Human Moderate (predicted) MFSD8 
TargetScan Human Moderate (predicted) MID1 
TargetScan Human Moderate (predicted) MIER2 
TargetScan Human Moderate (predicted) MIER3 
TargetScan Human Moderate (predicted) MITF 
TargetScan Human Moderate (predicted) MKX 
TargetScan Human Moderate (predicted) MMP25 
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TargetScan Human Moderate (predicted) MNT 
TargetScan Human Moderate (predicted) MPV17L2 
TargetScan Human Moderate (predicted) MRPL30 
TargetScan Human Moderate (predicted) MRPL33 
TargetScan Human Moderate (predicted) MRPS14 
TargetScan Human Moderate (predicted) MRPS25 
TargetScan Human Moderate (predicted) MRTO4 
TargetScan Human Moderate (predicted) MRVI1 
TargetScan Human Moderate (predicted) MS4A14 
TargetScan Human Moderate (predicted) MS4A2 
TargetScan Human Moderate (predicted) MSANTD1 
TargetScan Human Moderate (predicted) MSANTD3-TMEFF1 
TargetScan Human Moderate (predicted) MSTN 
TargetScan Human Moderate (predicted) MTMR10 
TargetScan Human Moderate (predicted) MTMR12 
TargetScan Human Moderate (predicted) MTURN 
TargetScan Human Moderate (predicted) MUC2 
TargetScan Human Moderate (predicted) MXD4 
TargetScan Human Moderate (predicted) MYO15A 
TargetScan Human Moderate (predicted) MYO1C 
TargetScan Human Moderate (predicted) MYOCD 
TargetScan Human Moderate (predicted) MYOZ3 
TargetScan Human Moderate (predicted) MYPN 
TargetScan Human Moderate (predicted) MYRF 
TargetScan Human Moderate (predicted) MYT1 
TargetScan Human Moderate (predicted) NAGPA 
TargetScan Human Moderate (predicted) NAIP 
TargetScan Human Moderate (predicted) NAP1L1 
TargetScan Human Moderate (predicted) NAT10 
TargetScan Human Moderate (predicted) NCBP2 
TargetScan Human Moderate (predicted) NDUFAF6 
TargetScan Human Moderate (predicted) NEDD4 
TargetScan Human Moderate (predicted) NEDD9 
TargetScan Human Moderate (predicted) NEK5 
TargetScan Human Moderate (predicted) NETO2 
TargetScan Human Moderate (predicted) NFAM1 
TargetScan Human Moderate (predicted) NFKBIA 
TargetScan Human Moderate (predicted) NFKBIE 
TargetScan Human Moderate (predicted) NGB 
TargetScan Human Moderate (predicted) NHS 
TargetScan Human Moderate (predicted) NLRC5 
TargetScan Human Moderate (predicted) NOL10 
TargetScan Human Moderate (predicted) NOTCH3 
TargetScan Human Moderate (predicted) NQO1 
TargetScan Human Moderate (predicted) NR1I2 
TargetScan Human Moderate (predicted) NRIP2 
TargetScan Human Moderate (predicted) NRP2 
TargetScan Human Moderate (predicted) NUDCD3 
TargetScan Human Moderate (predicted) NUP210 
TargetScan Human Moderate (predicted) NUP43 
TargetScan Human Moderate (predicted) OAZ2 
TargetScan Human Moderate (predicted) OGFOD1 
TargetScan Human Moderate (predicted) OPN4 
TargetScan Human Moderate (predicted) OPRM1 
TargetScan Human Moderate (predicted) ORAOV1 
TargetScan Human Moderate (predicted) OVOL1 
TargetScan Human Moderate (predicted) PADI1 
TargetScan Human Moderate (predicted) PADI2 
TargetScan Human Moderate (predicted) PAFAH1B2 
TargetScan Human Moderate (predicted) PAFAH2 
TargetScan Human Moderate (predicted) PALLD 
TargetScan Human Moderate (predicted) PAPD5 
TargetScan Human Moderate (predicted) PAQR8 
TargetScan Human Moderate (predicted) PARVA 
TargetScan Human Moderate (predicted) PAX7 
TargetScan Human Moderate (predicted) PCBP4 
TargetScan Human Moderate (predicted) PCSK7 
TargetScan Human Moderate (predicted) PDE11A 
TargetScan Human Moderate (predicted) PDLIM7 
TargetScan Human Moderate (predicted) PER2 
TargetScan Human Moderate (predicted) PEX2 
TargetScan Human Moderate (predicted) PEX3 
TargetScan Human Moderate (predicted) PFKFB3 
TargetScan Human Moderate (predicted) PGD 
TargetScan Human Moderate (predicted) PHKG2 
TargetScan Human Moderate (predicted) PI4KB 
TargetScan Human Moderate (predicted) PIK3R2 
TargetScan Human Moderate (predicted) PLA2G4D 
TargetScan Human Moderate (predicted) PLA2G6 
TargetScan Human Moderate (predicted) PLAGL1 
TargetScan Human Moderate (predicted) PLCB1 
TargetScan Human Moderate (predicted) PLCXD3 
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TargetScan Human Moderate (predicted) PLEKHG2 
TargetScan Human Moderate (predicted) PLEKHM1 
TargetScan Human Moderate (predicted) PLPPR2 
TargetScan Human Moderate (predicted) PMF1/PMF1-BGLAP 
TargetScan Human Moderate (predicted) PNMA3 
TargetScan Human Moderate (predicted) PNP 
TargetScan Human Moderate (predicted) PNPLA8 
TargetScan Human Moderate (predicted) POLR2F 
TargetScan Human Moderate (predicted) POLR2J2/POLR2J3 
TargetScan Human Moderate (predicted) POP4 
TargetScan Human Moderate (predicted) PPARG 
TargetScan Human Moderate (predicted) PPIE 
TargetScan Human Moderate (predicted) PPIL2 
TargetScan Human Moderate (predicted) PPM1M 
TargetScan Human Moderate (predicted) PPP1R8 
TargetScan Human Moderate (predicted) PPP2R5A 
TargetScan Human Moderate (predicted) PPP3R1 
TargetScan Human Moderate (predicted) PRELID2 
TargetScan Human Moderate (predicted) PRKAG1 
TargetScan Human Moderate (predicted) PRKCB 
TargetScan Human Moderate (predicted) PRKCH 
TargetScan Human Moderate (predicted) PRLR 
TargetScan Human Moderate (predicted) PRMT2 
TargetScan Human Moderate (predicted) PROSC 
TargetScan Human Moderate (predicted) PROZ 
TargetScan Human Moderate (predicted) PRR11 
TargetScan Human Moderate (predicted) PRR23B 
TargetScan Human Moderate (predicted) PRR3 
TargetScan Human Moderate (predicted) PRSS21 
TargetScan Human Moderate (predicted) PSMD5 
TargetScan Human Moderate (predicted) PSME1 
TargetScan Human Moderate (predicted) PSME3 
TargetScan Human Moderate (predicted) PSTK 
TargetScan Human Moderate (predicted) PTPN14 
TargetScan Human Moderate (predicted) PTPN18 
TargetScan Human Moderate (predicted) PTPRB 
TargetScan Human Moderate (predicted) PTPRR 
TargetScan Human Moderate (predicted) PTRH1 
TargetScan Human Moderate (predicted) PUS7L 
TargetScan Human Moderate (predicted) PVR 
TargetScan Human Moderate (predicted) PVRL2 
TargetScan Human Moderate (predicted) PYDC1 
TargetScan Human Moderate (predicted) RAB21 
TargetScan Human Moderate (predicted) RAB29 
TargetScan Human Moderate (predicted) RAB3B 
TargetScan Human Moderate (predicted) RAB43 
TargetScan Human Moderate (predicted) RAB4A 
TargetScan Human Moderate (predicted) RAD23B 
TargetScan Human Moderate (predicted) RAD9A 
TargetScan Human Moderate (predicted) RAI14 
TargetScan Human Moderate (predicted) RASA4 
TargetScan Human Moderate (predicted) RBM28 
TargetScan Human Moderate (predicted) RBMS2 
TargetScan Human Moderate (predicted) RBMXL1 
TargetScan Human Moderate (predicted) RDH11 
TargetScan Human Moderate (predicted) RDH12 
TargetScan Human Moderate (predicted) RGS6 
TargetScan Human Moderate (predicted) RHOBTB3 
TargetScan Human Moderate (predicted) RHOJ 
TargetScan Human Moderate (predicted) RHOQ 
TargetScan Human Moderate (predicted) RIMBP2 
TargetScan Human Moderate (predicted) RIMKLA 
TargetScan Human Moderate (predicted) RNASEL 
TargetScan Human Moderate (predicted) RNF103-CHMP3 
TargetScan Human Moderate (predicted) RNF170 
TargetScan Human Moderate (predicted) RNF182 
TargetScan Human Moderate (predicted) RNF216 
TargetScan Human Moderate (predicted) RNPS1 
TargetScan Human Moderate (predicted) ROGDI 
TargetScan Human Moderate (predicted) RPL13A 
TargetScan Human Moderate (predicted) RPL32 
TargetScan Human Moderate (predicted) RPS24 
TargetScan Human Moderate (predicted) RRAGD 
TargetScan Human Moderate (predicted) RSPO1 
TargetScan Human Moderate (predicted) S1PR2 
TargetScan Human Moderate (predicted) S1PR3 
TargetScan Human Moderate (predicted) SAMD4A 
TargetScan Human Moderate (predicted) SCN4A 
TargetScan Human Moderate (predicted) SCUBE2 
TargetScan Human Moderate (predicted) SCUBE3 
TargetScan Human Moderate (predicted) SEC16A 
TargetScan Human Moderate (predicted) SEC61A1 
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TargetScan Human Moderate (predicted) SELPLG 
TargetScan Human Moderate (predicted) SEMA3E 
TargetScan Human Moderate (predicted) SEMA6A 
TargetScan Human Moderate (predicted) SENP3 
TargetScan Human Moderate (predicted) SEPT6 
TargetScan Human Moderate (predicted) SERINC1 
TargetScan Human Moderate (predicted) SERPINB2 
TargetScan Human Moderate (predicted) SERPINB8 
TargetScan Human Moderate (predicted) SESTD1 
TargetScan Human Moderate (predicted) SFT2D3 
TargetScan Human Moderate (predicted) SFXN2 
TargetScan Human Moderate (predicted) SH3BGRL2 
TargetScan Human Moderate (predicted) SH3PXD2B 
TargetScan Human Moderate (predicted) SHMT1 
TargetScan Human Moderate (predicted) SHOC2 
TargetScan Human Moderate (predicted) SHOX 
TargetScan Human Moderate (predicted) SLC10A2 
TargetScan Human Moderate (predicted) SLC15A5 
TargetScan Human Moderate (predicted) SLC16A1 
TargetScan Human Moderate (predicted) SLC16A14 
TargetScan Human Moderate (predicted) SLC22A12 
TargetScan Human Moderate (predicted) SLC22A15 
TargetScan Human Moderate (predicted) SLC25A53 
TargetScan Human Moderate (predicted) SLC26A9 
TargetScan Human Moderate (predicted) SLC2A8 
TargetScan Human Moderate (predicted) SLC30A6 
TargetScan Human Moderate (predicted) SLC35D2 
TargetScan Human Moderate (predicted) SLC35E2 
TargetScan Human Moderate (predicted) SLC35G2 
TargetScan Human Moderate (predicted) SLC38A1 
TargetScan Human Moderate (predicted) SLC39A9 
TargetScan Human Moderate (predicted) SLC6A14 
TargetScan Human Moderate (predicted) SLC6A3 
TargetScan Human Moderate (predicted) SLC7A10 
TargetScan Human Moderate (predicted) SLCO2A1 
TargetScan Human Moderate (predicted) SLITRK4 
TargetScan Human Moderate (predicted) SLX4 
TargetScan Human Moderate (predicted) SMIM13 
TargetScan Human Moderate (predicted) SMIM3 
TargetScan Human Moderate (predicted) SMPD1 
TargetScan Human Moderate (predicted) SMTNL2 
TargetScan Human Moderate (predicted) SNAPC1 
TargetScan Human Moderate (predicted) SNCA 
TargetScan Human Moderate (predicted) SNED1 
TargetScan Human Moderate (predicted) SNX9 
TargetScan Human Moderate (predicted) SOCS7 
TargetScan Human Moderate (predicted) SPATA12 
TargetScan Human Moderate (predicted) SPEN 
TargetScan Human Moderate (predicted) SPON1 
TargetScan Human Moderate (predicted) SPRR2G 
TargetScan Human Moderate (predicted) SPSB4 
TargetScan Human Moderate (predicted) SRGAP2 
TargetScan Human Moderate (predicted) SRXN1 
TargetScan Human Moderate (predicted) STARD3 
TargetScan Human Moderate (predicted) STC1 
TargetScan Human Moderate (predicted) STK35 
TargetScan Human Moderate (predicted) STMN1 
TargetScan Human Moderate (predicted) STMN3 
TargetScan Human Moderate (predicted) STRAP 
TargetScan Human Moderate (predicted) SUCO 
TargetScan Human Moderate (predicted) SULT4A1 
TargetScan Human Moderate (predicted) SUPT6H 
TargetScan Human Moderate (predicted) SURF6 
TargetScan Human Moderate (predicted) SVIL 
TargetScan Human Moderate (predicted) SWAP70 
TargetScan Human Moderate (predicted) SWT1 
TargetScan Human Moderate (predicted) SYNPO 
TargetScan Human Moderate (predicted) SYT15 
TargetScan Human Moderate (predicted) TAL2 
TargetScan Human Moderate (predicted) TATDN2 
TargetScan Human Moderate (predicted) TBC1D2 
TargetScan Human Moderate (predicted) TBC1D22A 
TargetScan Human Moderate (predicted) TBRG1 
TargetScan Human Moderate (predicted) TCTEX1D1 
TargetScan Human Moderate (predicted) TEDDM1 
TargetScan Human Moderate (predicted) TESPA1 
TargetScan Human Moderate (predicted) TEX22 
TargetScan Human Moderate (predicted) TEX264 
TargetScan Human Moderate (predicted) TGFA 
TargetScan Human Moderate (predicted) TGFBI 
TargetScan Human Moderate (predicted) TGS1 
TargetScan Human Moderate (predicted) TH 
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TargetScan Human Moderate (predicted) THBD 
TargetScan Human Moderate (predicted) THPO 
TargetScan Human Moderate (predicted) TIGD6 
TargetScan Human Moderate (predicted) TKFC 
TargetScan Human Moderate (predicted) TLX2 
TargetScan Human Moderate (predicted) TMBIM1 
TargetScan Human Moderate (predicted) TMEFF1 
TargetScan Human Moderate (predicted) TMEM136 
TargetScan Human Moderate (predicted) TMEM141 
TargetScan Human Moderate (predicted) TMEM167A 
TargetScan Human Moderate (predicted) TMEM173 
TargetScan Human Moderate (predicted) TMEM234 
TargetScan Human Moderate (predicted) TMEM25 
TargetScan Human Moderate (predicted) TMEM59L 
TargetScan Human Moderate (predicted) TMEM79 
TargetScan Human Moderate (predicted) TMPRSS4 
TargetScan Human Moderate (predicted) TMPRSS6 
TargetScan Human Moderate (predicted) TNFSF14 
TargetScan Human Moderate (predicted) TNS2 
TargetScan Human Moderate (predicted) TOR1A 
TargetScan Human Moderate (predicted) TP53INP1 
TargetScan Human Moderate (predicted) TP53TG3B (includes others) 
TargetScan Human Moderate (predicted) TPPP 
TargetScan Human Moderate (predicted) TRAFD1 
TargetScan Human Moderate (predicted) TRAPPC6A 
TargetScan Human Moderate (predicted) TREM1 
TargetScan Human Moderate (predicted) TRIM10 
TargetScan Human Moderate (predicted) TRIM21 
TargetScan Human Moderate (predicted) TRIM32 
TargetScan Human Moderate (predicted) TRIM62 
TargetScan Human Moderate (predicted) TRIQK 
TargetScan Human Moderate (predicted) TRMT61A 
TargetScan Human Moderate (predicted) TRNP1 
TargetScan Human Moderate (predicted) TSPAN33 
TargetScan Human Moderate (predicted) TSR1 
TargetScan Human Moderate (predicted) TUBA3C/TUBA3D 
TargetScan Human Moderate (predicted) TUBB1 
TargetScan Human Moderate (predicted) TUSC3 
TargetScan Human Moderate (predicted) UACA 
TargetScan Human Moderate (predicted) UBA1 
TargetScan Human Moderate (predicted) UBA5 
TargetScan Human Moderate (predicted) UBE2H 
TargetScan Human Moderate (predicted) UBE2K 
TargetScan Human Moderate (predicted) UBE2NL 
TargetScan Human Moderate (predicted) UBL4A 
TargetScan Human Moderate (predicted) ULBP2 
TargetScan Human Moderate (predicted) ULK4 
TargetScan Human Moderate (predicted) UNC119 
TargetScan Human Moderate (predicted) UNC5A 
TargetScan Human Moderate (predicted) UQCRQ 
TargetScan Human Moderate (predicted) USP54 
TargetScan Human Moderate (predicted) USP8 
TargetScan Human Moderate (predicted) VPS52 
TargetScan Human Moderate (predicted) VSIG1 
TargetScan Human Moderate (predicted) WDR33 
TargetScan Human Moderate (predicted) WDR66 
TargetScan Human Moderate (predicted) WDR77 
TargetScan Human Moderate (predicted) WFDC5 
TargetScan Human Moderate (predicted) WIPI2 
TargetScan Human Moderate (predicted) WNT2B 
TargetScan Human Moderate (predicted) WNT9B 
TargetScan Human Moderate (predicted) WWC3 
TargetScan Human Moderate (predicted) XBP1 
TargetScan Human Moderate (predicted) XPC 
TargetScan Human Moderate (predicted) XPO4 
TargetScan Human Moderate (predicted) YDJC 
TargetScan Human Moderate (predicted) ZBTB4 
TargetScan Human Moderate (predicted) ZBTB42 
TargetScan Human Moderate (predicted) ZDHHC15 
TargetScan Human Moderate (predicted) ZDHHC8 
TargetScan Human Moderate (predicted) ZEB1 
TargetScan Human Moderate (predicted) ZFP2 
TargetScan Human Moderate (predicted) ZMYND11 
TargetScan Human Moderate (predicted) ZNF169 
TargetScan Human Moderate (predicted) ZNF207 
TargetScan Human Moderate (predicted) ZNF324 
TargetScan Human Moderate (predicted) ZNF324B 
TargetScan Human Moderate (predicted) ZNF502 
TargetScan Human Moderate (predicted) ZNF512B 
TargetScan Human Moderate (predicted) ZNF530 
TargetScan Human Moderate (predicted) ZNF628 
TargetScan Human Moderate (predicted) ZNF672 
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TargetScan Human Moderate (predicted) ZNF707 
TargetScan Human Moderate (predicted) ZNF766 
TargetScan Human Moderate (predicted) ZNF789 
TargetScan Human Moderate (predicted) ZNF800 
TargetScan Human Moderate (predicted) ZNF821 
TargetScan Human Moderate (predicted) ZSWIM4 
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Table S2.2: Predicted/verified target genes of miR-351 
Source Status Gene Abbv 
Ingenuity Expert Findings Experimentally Observed ACSS1 
miRecords Experimentally Observed ADAMTS1 
TarBase Experimentally Observed AJUBA 
Ingenuity Expert Findings Experimentally Observed ALOX5 
TarBase Experimentally Observed APLN 
miRecords Experimentally Observed ATP6AP1L 
miRecords Experimentally Observed B3GALT4 
miRecords Experimentally Observed CASP6 
miRecords Experimentally Observed CASP7 
Ingenuity Expert Findings Experimentally Observed CBFB 
miRecords Experimentally Observed CBLN2 
miRecords Experimentally Observed CDC25A 
miRecords Experimentally Observed CDK6 
miRecords Experimentally Observed CDKN2A 
miRecords Experimentally Observed CEBPG 
miRecords Experimentally Observed CYP1A1 
TarBase Experimentally Observed DDX19B 
miRecords Experimentally Observed DIO3 
miRecords Experimentally Observed FAM19A1 
miRecords Experimentally Observed H3F3A/H3F3B 
miRecords Experimentally Observed HIST1H4A 
miRecords Experimentally Observed ID1 
miRecords Experimentally Observed ID2 
miRecords Experimentally Observed ID3 
miRecords Experimentally Observed IL1RN 
miRecords Experimentally Observed JARID2 
miRecords Experimentally Observed KRT19 
miRecords Experimentally Observed MAN1A1 
Ingenuity Expert Findings Experimentally Observed MAZ 
Ingenuity Expert Findings Experimentally Observed MYD88 
miRecords Experimentally Observed PCDHB10 
miRecords Experimentally Observed PERP 
miRecords Experimentally Observed PIGR 
TarBase Experimentally Observed PPT2 
miRecords Experimentally Observed RBM8A 
TarBase Experimentally Observed RHEBL1 
miRecords Experimentally Observed SMO 
miRecords Experimentally Observed TENM2 
miRecords Experimentally Observed TSPAN8 
miRecords Experimentally Observed UBE2I 
miRecords Experimentally Observed UGT2B15 
miRecords Experimentally Observed UGT2B17 
miRecords Experimentally Observed UGT2B28 
TarBase,TargetScan Human Experimentally Observed,High (predicted) ABTB1 
TargetScan Human,miRecords Experimentally Observed,High (predicted) ANAPC16 
TarBase,TargetScan Human Experimentally Observed,High (predicted) ARID3A 
TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) ARID3B 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,High (predicted) BAK1 
TargetScan Human,miRecords Experimentally Observed,High (predicted) BMF 
TargetScan Human,miRecords Experimentally Observed,High (predicted) BMPR1B 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) C10orf54 
TargetScan Human,miRecords Experimentally Observed,High (predicted) CBX7 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) CCR5 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) CDH5 
TargetScan Human,miRecords Experimentally Observed,High (predicted) DICER1 
TarBase,TargetScan Human Experimentally Observed,High (predicted) DUS1L 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) E2F3 
TargetScan Human,miRecords Experimentally Observed,High (predicted) ELAVL1 
TarBase,TargetScan Human Experimentally Observed,High (predicted) ENTPD4 
TargetScan Human,miRecords Experimentally Observed,High (predicted) ERBB3 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) HK2 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) IKZF4 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) KLF13 
TarBase,TargetScan Human,miRecords Experimentally Observed,High (predicted) LIN28A 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) LIPA 
TarBase,TargetScan Human Experimentally Observed,High (predicted) MAP2K7 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) PCTP 
TarBase,TargetScan Human Experimentally Observed,High (predicted) RABL6 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) SCD 
TargetScan Human,miRecords Experimentally Observed,High (predicted) SGPL1 
TargetScan Human,miRecords Experimentally Observed,High (predicted) ST18 
TarBase,TargetScan Human Experimentally Observed,High (predicted) TOR2A 
Ingenuity Expert Findings,TargetScan Human Experimentally Observed,High (predicted) UVRAG 
TarBase,TargetScan Human Experimentally Observed,High (predicted) ZNF385A 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) ERBB2 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) GPR160 
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Ingenuity Expert Findings,TargetScan Human Experimentally Observed,Moderate (predicted) GSS 
TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) IGFBP3 
Ingenuity Expert Findings,TargetScan Human,miRecords Experimentally Observed,Moderate (predicted) TP53 
TargetScan Human High (predicted) ABCC4 
TargetScan Human High (predicted) ABHD3 
TargetScan Human High (predicted) ABHD6 
TargetScan Human High (predicted) ABL1 
TargetScan Human High (predicted) ABL2 
TargetScan Human High (predicted) ABR 
TargetScan Human High (predicted) ACACB 
TargetScan Human High (predicted) ACER2 
TargetScan Human High (predicted) ACHE 
TargetScan Human High (predicted) ACOT13 
TargetScan Human High (predicted) ACSL6 
TargetScan Human High (predicted) ACVR1C 
TargetScan Human High (predicted) ADAM11 
TargetScan Human High (predicted) ADAM9 
TargetScan Human High (predicted) ADAMTS14 
TargetScan Human High (predicted) ADAMTS15 
TargetScan Human High (predicted) ADAMTS4 
TargetScan Human High (predicted) ADCY1 
TargetScan Human High (predicted) ADGRG5 
TargetScan Human High (predicted) ADPRH 
TargetScan Human High (predicted) ADRBK1 
TargetScan Human High (predicted) AGGF1 
TargetScan Human High (predicted) AGO2 
TargetScan Human High (predicted) AGXT2 
TargetScan Human High (predicted) AHRR 
TargetScan Human High (predicted) AKAP13 
TargetScan Human High (predicted) AKT1S1 
TargetScan Human High (predicted) ALDH1A3 
TargetScan Human High (predicted) ALPK3 
TargetScan Human High (predicted) AMER2 
TargetScan Human High (predicted) AMIGO2 
TargetScan Human High (predicted) ANGPT2 
TargetScan Human High (predicted) ANKH 
TargetScan Human High (predicted) ANKRD13B 
TargetScan Human High (predicted) ANKRD29 
TargetScan Human High (predicted) ANKRD33B 
TargetScan Human High (predicted) ANKRD42 
TargetScan Human High (predicted) ANKRD44 
TargetScan Human High (predicted) ANKRD50 
TargetScan Human High (predicted) ANKZF1 
TargetScan Human High (predicted) ANO6 
TargetScan Human High (predicted) ANPEP 
TargetScan Human High (predicted) ANTXR2 
TargetScan Human High (predicted) AP5Z1 
TargetScan Human High (predicted) APBA1 
TargetScan Human High (predicted) APC 
TargetScan Human High (predicted) ARCN1 
TargetScan Human High (predicted) AREL1 
TargetScan Human High (predicted) ARF3 
TargetScan Human High (predicted) ARFGEF3 
TargetScan Human High (predicted) ARHGAP40 
TargetScan Human High (predicted) ARHGEF1 
TargetScan Human High (predicted) ARHGEF39 
TargetScan Human High (predicted) ARMC7 
TargetScan Human High (predicted) ARRB1 
TargetScan Human High (predicted) ARSI 
TargetScan Human High (predicted) ASB13 
TargetScan Human High (predicted) ASB4 
TargetScan Human High (predicted) ASIC1 
TargetScan Human High (predicted) ASPH 
TargetScan Human High (predicted) ASPHD1 
TargetScan Human High (predicted) ATG4D 
TargetScan Human High (predicted) ATOH8 
TargetScan Human High (predicted) ATP10D 
TargetScan Human High (predicted) ATP13A3 
TargetScan Human High (predicted) ATP1B4 
TargetScan Human High (predicted) ATP2B3 
TargetScan Human High (predicted) ATP5G2 
TargetScan Human High (predicted) ATXN1 
TargetScan Human High (predicted) ATXN1L 
TargetScan Human High (predicted) ATXN3 
TargetScan Human High (predicted) ATXN7L3 
TargetScan Human High (predicted) B3GALNT2 
TargetScan Human High (predicted) B4GALT1 
TargetScan Human High (predicted) B4GALT6 
TargetScan Human High (predicted) BACH1 
TargetScan Human High (predicted) BAG4 
TargetScan Human High (predicted) BAP1 
TargetScan Human High (predicted) BAZ2A 
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TargetScan Human High (predicted) BBC3 
TargetScan Human High (predicted) BCAN 
TargetScan Human High (predicted) BCAT1 
TargetScan Human High (predicted) BCL2 
TargetScan Human High (predicted) BCL2L12 
TargetScan Human High (predicted) BCL2L14 
TargetScan Human High (predicted) BCL2L2 
TargetScan Human High (predicted) BDH1 
TargetScan Human High (predicted) BIN2 
TargetScan Human High (predicted) BMPR2 
TargetScan Human High (predicted) BORCS6 
TargetScan Human High (predicted) BRPF1 
TargetScan Human High (predicted) BRSK2 
TargetScan Human High (predicted) BRWD1 
TargetScan Human High (predicted) BSN 
TargetScan Human High (predicted) C11orf21 
TargetScan Human High (predicted) C11orf57 
TargetScan Human High (predicted) C15orf39 
TargetScan Human High (predicted) C15orf53 
TargetScan Human High (predicted) C17orf102 
TargetScan Human High (predicted) C17orf51 
TargetScan Human High (predicted) C19orf38 
TargetScan Human High (predicted) C19orf54 
TargetScan Human High (predicted) C1orf210 
TargetScan Human High (predicted) C2orf88 
TargetScan Human High (predicted) C4orf19 
TargetScan Human High (predicted) C6orf47 
TargetScan Human High (predicted) CABP5 
TargetScan Human High (predicted) CACNA1B 
TargetScan Human High (predicted) CACNB1 
TargetScan Human High (predicted) CACNB2 
TargetScan Human High (predicted) CACNB3 
TargetScan Human High (predicted) CACNG2 
TargetScan Human High (predicted) CALCOCO2 
TargetScan Human High (predicted) CAMSAP3 
TargetScan Human High (predicted) CASP2 
TargetScan Human High (predicted) CBLL1 
TargetScan Human High (predicted) CCBE1 
TargetScan Human High (predicted) CCDC142 
TargetScan Human High (predicted) CCDC71L 
TargetScan Human High (predicted) CCDC85C 
TargetScan Human High (predicted) CCNJ 
TargetScan Human High (predicted) CCNJL 
TargetScan Human High (predicted) CCR2 
TargetScan Human High (predicted) CD248 
TargetScan Human High (predicted) CD300LB 
TargetScan Human High (predicted) CD300LF 
TargetScan Human High (predicted) CD5L 
TargetScan Human High (predicted) CD69 
TargetScan Human High (predicted) CDC14B 
TargetScan Human High (predicted) CDC42BPG 
TargetScan Human High (predicted) CDC42SE1 
TargetScan Human High (predicted) CDK16 
TargetScan Human High (predicted) CDK19 
TargetScan Human High (predicted) CDKN2B 
TargetScan Human High (predicted) CDR2L 
TargetScan Human High (predicted) CDS2 
TargetScan Human High (predicted) CELSR2 
TargetScan Human High (predicted) CEP164 
TargetScan Human High (predicted) CEP85 
TargetScan Human High (predicted) CGN 
TargetScan Human High (predicted) CGREF1 
TargetScan Human High (predicted) CHAMP1 
TargetScan Human High (predicted) CHTF8 
TargetScan Human High (predicted) CLDN12 
TargetScan Human High (predicted) CLEC16A 
TargetScan Human High (predicted) CLIP2 
TargetScan Human High (predicted) CNNM1 
TargetScan Human High (predicted) COL11A2 
TargetScan Human High (predicted) COL4A3 
TargetScan Human High (predicted) COPS7B 
TargetScan Human High (predicted) COPZ1 
TargetScan Human High (predicted) CORO1C 
TargetScan Human High (predicted) CORO2A 
TargetScan Human High (predicted) CORO2B 
TargetScan Human High (predicted) CORO7/CORO7-PAM16 
TargetScan Human High (predicted) CPEB3 
TargetScan Human High (predicted) CPM 
TargetScan Human High (predicted) CPSF6 
TargetScan Human High (predicted) CRAMP1 
TargetScan Human High (predicted) CRB2 
TargetScan Human High (predicted) CREB1 
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TargetScan Human High (predicted) CRTC1 
TargetScan Human High (predicted) CSNK1G1 
TargetScan Human High (predicted) CSNK2A1 
TargetScan Human High (predicted) CSRNP3 
TargetScan Human High (predicted) CTDSP2 
TargetScan Human High (predicted) CTU1 
TargetScan Human High (predicted) CXCL13 
TargetScan Human High (predicted) CXorf23 
TargetScan Human High (predicted) CYB5D1 
TargetScan Human High (predicted) CYP24A1 
TargetScan Human High (predicted) CYTH1 
TargetScan Human High (predicted) CYTH2 
TargetScan Human High (predicted) DAAM2 
TargetScan Human High (predicted) DAGLA 
TargetScan Human High (predicted) DAZAP2 
TargetScan Human High (predicted) DCP1A 
TargetScan Human High (predicted) DCTN1 
TargetScan Human High (predicted) DDX42 
TargetScan Human High (predicted) DDX54 
TargetScan Human High (predicted) DENND6A 
TargetScan Human High (predicted) DGAT1 
TargetScan Human High (predicted) DHX33 
TargetScan Human High (predicted) DIP2A 
TargetScan Human High (predicted) DIRAS1 
TargetScan Human High (predicted) DIS3 
TargetScan Human High (predicted) DIS3L2 
TargetScan Human High (predicted) DLD 
TargetScan Human High (predicted) DNAJB2 
TargetScan Human High (predicted) DNAJB5 
TargetScan Human High (predicted) DNAJC14 
TargetScan Human High (predicted) DNAL1 
TargetScan Human High (predicted) DNAL4 
TargetScan Human High (predicted) DOCK3 
TargetScan Human High (predicted) DPF2 
TargetScan Human High (predicted) DPH2 
TargetScan Human High (predicted) DPP9 
TargetScan Human High (predicted) DPYSL4 
TargetScan Human High (predicted) DRAM2 
TargetScan Human High (predicted) DTX4 
TargetScan Human High (predicted) DUSP3 
TargetScan Human High (predicted) DUSP6 
TargetScan Human High (predicted) DUSP7 
TargetScan Human High (predicted) DVL3 
TargetScan Human High (predicted) DYNLT3 
TargetScan Human High (predicted) E2F2 
TargetScan Human High (predicted) EAF1 
TargetScan Human High (predicted) EBF4 
TargetScan Human High (predicted) ECE1 
TargetScan Human High (predicted) EDC3 
TargetScan Human High (predicted) EDEM1 
TargetScan Human High (predicted) EIF1AD 
TargetScan Human High (predicted) EIF2B5 
TargetScan Human High (predicted) EIF4EBP1 
TargetScan Human High (predicted) EIF5A2 
TargetScan Human High (predicted) ELAC2 
TargetScan Human High (predicted) ELL 
TargetScan Human High (predicted) ELMSAN1 
TargetScan Human High (predicted) ELOVL1 
TargetScan Human High (predicted) ELOVL4 
TargetScan Human High (predicted) ELOVL6 
TargetScan Human High (predicted) EMID1 
TargetScan Human High (predicted) ENPEP 
TargetScan Human High (predicted) ENPP1 
TargetScan Human High (predicted) ENTPD1 
TargetScan Human High (predicted) ENTPD3 
TargetScan Human High (predicted) EPHA10 
TargetScan Human High (predicted) EPO 
TargetScan Human High (predicted) ERBB4 
TargetScan Human High (predicted) ERCC6 
TargetScan Human High (predicted) ESRRA 
TargetScan Human High (predicted) ESRRG 
TargetScan Human High (predicted) ESYT1 
TargetScan Human High (predicted) ETS1 
TargetScan Human High (predicted) ETV6 
TargetScan Human High (predicted) EVA1A 
TargetScan Human High (predicted) EXO5 
TargetScan Human High (predicted) FAM107B 
TargetScan Human High (predicted) FAM118A 
TargetScan Human High (predicted) FAM126B 
TargetScan Human High (predicted) FAM129B 
TargetScan Human High (predicted) FAM131B 
TargetScan Human High (predicted) FAM134A 
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TargetScan Human High (predicted) FAM134C 
TargetScan Human High (predicted) FAM135B 
TargetScan Human High (predicted) FAM169B 
TargetScan Human High (predicted) FAM174B 
TargetScan Human High (predicted) FAM210B 
TargetScan Human High (predicted) FAM213A 
TargetScan Human High (predicted) FAM234B 
TargetScan Human High (predicted) FAM46A 
TargetScan Human High (predicted) FAM53C 
TargetScan Human High (predicted) FAM65B 
TargetScan Human High (predicted) FAM71D 
TargetScan Human High (predicted) FAM73A 
TargetScan Human High (predicted) FAM78A 
TargetScan Human High (predicted) FAM83F 
TargetScan Human High (predicted) FAM83H 
TargetScan Human High (predicted) FAM92B 
TargetScan Human High (predicted) FAT4 
TargetScan Human High (predicted) FBXO10 
TargetScan Human High (predicted) FBXO45 
TargetScan Human High (predicted) FBXW4 
TargetScan Human High (predicted) FBXW8 
TargetScan Human High (predicted) FGF14 
TargetScan Human High (predicted) FGF9 
TargetScan Human High (predicted) FGFR1 
TargetScan Human High (predicted) FGFR2 
TargetScan Human High (predicted) FIBP 
TargetScan Human High (predicted) FLOT2 
TargetScan Human High (predicted) FLVCR2 
TargetScan Human High (predicted) FNDC3B 
TargetScan Human High (predicted) FOXD2 
TargetScan Human High (predicted) FOXK2 
TargetScan Human High (predicted) FOXN3 
TargetScan Human High (predicted) FOXQ1 
TargetScan Human High (predicted) FOXS1 
TargetScan Human High (predicted) FPR3 
TargetScan Human High (predicted) FRAS1 
TargetScan Human High (predicted) FREM1 
TargetScan Human High (predicted) FRMD1 
TargetScan Human High (predicted) FURIN 
TargetScan Human High (predicted) FUT1 
TargetScan Human High (predicted) FUT4 
TargetScan Human High (predicted) GAB2 
TargetScan Human High (predicted) GAB4 
TargetScan Human High (predicted) GALNT14 
TargetScan Human High (predicted) GALNT7 
TargetScan Human High (predicted) GANC 
TargetScan Human High (predicted) GAS2L1 
TargetScan Human High (predicted) GCNT1 
TargetScan Human High (predicted) GDF11 
TargetScan Human High (predicted) GDNF 
TargetScan Human High (predicted) GEMIN2 
TargetScan Human High (predicted) GFOD2 
TargetScan Human High (predicted) GGA2 
TargetScan Human High (predicted) GGT7 
TargetScan Human High (predicted) GJC1 
TargetScan Human High (predicted) GK5 
TargetScan Human High (predicted) GLB1L2 
TargetScan Human High (predicted) GLIPR1 
TargetScan Human High (predicted) GLS 
TargetScan Human High (predicted) GLTP 
TargetScan Human High (predicted) GMIP 
TargetScan Human High (predicted) GOPC 
TargetScan Human High (predicted) GPATCH8 
TargetScan Human High (predicted) GPC4 
TargetScan Human High (predicted) GPC6 
TargetScan Human High (predicted) GPR107 
TargetScan Human High (predicted) GPR153 
TargetScan Human High (predicted) GPR173 
TargetScan Human High (predicted) GPR39 
TargetScan Human High (predicted) GRB10 
TargetScan Human High (predicted) GRHL1 
TargetScan Human High (predicted) GRIN2A 
TargetScan Human High (predicted) GRIP2 
TargetScan Human High (predicted) GRSF1 
TargetScan Human High (predicted) GTPBP2 
TargetScan Human High (predicted) HAPLN1 
TargetScan Human High (predicted) HCN1 
TargetScan Human High (predicted) HCN3 
TargetScan Human High (predicted) HCN4 
TargetScan Human High (predicted) HDDC3 
TargetScan Human High (predicted) HIC2 
TargetScan Human High (predicted) HIF1AN 
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TargetScan Human High (predicted) HINFP 
TargetScan Human High (predicted) HMGB3 
TargetScan Human High (predicted) HNRNPUL2 
TargetScan Human High (predicted) HOMEZ 
TargetScan Human High (predicted) HOXB3 
TargetScan Human High (predicted) HOXD1 
TargetScan Human High (predicted) HOXD9 
TargetScan Human High (predicted) HTATIP2 
TargetScan Human High (predicted) IBA57 
TargetScan Human High (predicted) IER2 
TargetScan Human High (predicted) IER3IP1 
TargetScan Human High (predicted) IFFO1 
TargetScan Human High (predicted) IGSF11 
TargetScan Human High (predicted) IL16 
TargetScan Human High (predicted) IL31 
TargetScan Human High (predicted) IL6R 
TargetScan Human High (predicted) IMPAD1 
TargetScan Human High (predicted) INO80D 
TargetScan Human High (predicted) INTS7 
TargetScan Human High (predicted) IP6K1 
TargetScan Human High (predicted) IPMK 
TargetScan Human High (predicted) IQSEC2 
TargetScan Human High (predicted) IRF4 
TargetScan Human High (predicted) IST1 
TargetScan Human High (predicted) ITGA9 
TargetScan Human High (predicted) ITGB3 
TargetScan Human High (predicted) JADE2 
TargetScan Human High (predicted) JMY 
TargetScan Human High (predicted) KCNA1 
TargetScan Human High (predicted) KCNH1 
TargetScan Human High (predicted) KCNH3 
TargetScan Human High (predicted) KCNH4 
TargetScan Human High (predicted) KCNH7 
TargetScan Human High (predicted) KCNIP3 
TargetScan Human High (predicted) KCNJ12 
TargetScan Human High (predicted) KCNK10 
TargetScan Human High (predicted) KCNS3 
TargetScan Human High (predicted) KCTD15 
TargetScan Human High (predicted) KCTD21 
TargetScan Human High (predicted) KDM4B 
TargetScan Human High (predicted) KHNYN 
TargetScan Human High (predicted) KIAA0319L 
TargetScan Human High (predicted) KIAA0556 
TargetScan Human High (predicted) KIAA1522 
TargetScan Human High (predicted) KIAA1644 
TargetScan Human High (predicted) KIAA1841 
TargetScan Human High (predicted) KLC2 
TargetScan Human High (predicted) KLF16 
TargetScan Human High (predicted) KLF3 
TargetScan Human High (predicted) KLHL24 
TargetScan Human High (predicted) KLHL31 
TargetScan Human High (predicted) KLHL6 
TargetScan Human High (predicted) KLRC2 
TargetScan Human High (predicted) KMT5C 
TargetScan Human High (predicted) KNOP1 
TargetScan Human High (predicted) KPNA6 
TargetScan Human High (predicted) KRT85 
TargetScan Human High (predicted) KSR2 
TargetScan Human High (predicted) LACTB 
TargetScan Human High (predicted) LAMA4 
TargetScan Human High (predicted) LBH 
TargetScan Human High (predicted) LCLAT1 
TargetScan Human High (predicted) LCOR 
TargetScan Human High (predicted) LCORL 
TargetScan Human High (predicted) LDAH 
TargetScan Human High (predicted) LFNG 
TargetScan Human High (predicted) LGI2 
TargetScan Human High (predicted) LIF 
TargetScan Human High (predicted) LIFR 
TargetScan Human High (predicted) LIMD2 
TargetScan Human High (predicted) LIMK1 
TargetScan Human High (predicted) LIN28B 
TargetScan Human High (predicted) LNPEP 
TargetScan Human High (predicted) LONRF2 
TargetScan Human High (predicted) LOXL1 
TargetScan Human High (predicted) LPCAT4 
TargetScan Human High (predicted) LPP 
TargetScan Human High (predicted) LRFN2 
TargetScan Human High (predicted) LRP4 
TargetScan Human High (predicted) LRRC10B 
TargetScan Human High (predicted) LRRC25 
TargetScan Human High (predicted) LRRC8A 
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TargetScan Human High (predicted) LRRC8B 
TargetScan Human High (predicted) LRTOMT 
TargetScan Human High (predicted) LSM8 
TargetScan Human High (predicted) LURAP1L 
TargetScan Human High (predicted) LUZP1 
TargetScan Human High (predicted) LVRN 
TargetScan Human High (predicted) LYPD6 
TargetScan Human High (predicted) LYPLA2 
TargetScan Human High (predicted) LYZL6 
TargetScan Human High (predicted) M6PR 
TargetScan Human High (predicted) MAF 
TargetScan Human High (predicted) MAMDC2 
TargetScan Human High (predicted) MAN1B1 
TargetScan Human High (predicted) MAP3K1 
TargetScan Human High (predicted) MAP3K10 
TargetScan Human High (predicted) MAP3K11 
TargetScan Human High (predicted) MAP3K13 
TargetScan Human High (predicted) MAP3K3 
TargetScan Human High (predicted) MAPK12 
TargetScan Human High (predicted) MAPK14 
TargetScan Human High (predicted) MAPK1IP1L 
TargetScan Human High (predicted) MAPKAPK2 
TargetScan Human High (predicted) MAPRE2 
TargetScan Human High (predicted) MARK2 
TargetScan Human High (predicted) MASP1 
TargetScan Human High (predicted) MAVS 
TargetScan Human High (predicted) MBD1 
TargetScan Human High (predicted) MBNL3 
TargetScan Human High (predicted) MCL1 
TargetScan Human High (predicted) MED15 
TargetScan Human High (predicted) MEF2D 
TargetScan Human High (predicted) MEGF8 
TargetScan Human High (predicted) MEGF9 
TargetScan Human High (predicted) MEMO1 
TargetScan Human High (predicted) MFHAS1 
TargetScan Human High (predicted) MFN1 
TargetScan Human High (predicted) MFSD13A 
TargetScan Human High (predicted) MFSD14B 
TargetScan Human High (predicted) MGAT4A 
TargetScan Human High (predicted) MIB1 
TargetScan Human High (predicted) MICALL1 
TargetScan Human High (predicted) MKNK2 
TargetScan Human High (predicted) MLF2 
TargetScan Human High (predicted) MMP11 
TargetScan Human High (predicted) MOCS1 
TargetScan Human High (predicted) MRAP 
TargetScan Human High (predicted) MS4A3 
TargetScan Human High (predicted) MSI1 
TargetScan Human High (predicted) MSL1 
TargetScan Human High (predicted) MSRB3 
TargetScan Human High (predicted) MTF1 
TargetScan Human High (predicted) MTFP1 
TargetScan Human High (predicted) MTMR3 
TargetScan Human High (predicted) MTUS1 
TargetScan Human High (predicted) MTUS2 
TargetScan Human High (predicted) MUL1 
TargetScan Human High (predicted) MXD4 
TargetScan Human High (predicted) MXRA8 
TargetScan Human High (predicted) MYO18A 
TargetScan Human High (predicted) MYO7A 
TargetScan Human High (predicted) MYT1 
TargetScan Human High (predicted) NAA25 
TargetScan Human High (predicted) NAA40 
TargetScan Human High (predicted) NAGA 
TargetScan Human High (predicted) NAIF1 
TargetScan Human High (predicted) NATD1 
TargetScan Human High (predicted) NBEAL2 
TargetScan Human High (predicted) NCAN 
TargetScan Human High (predicted) NCKAP5L 
TargetScan Human High (predicted) NCLN 
TargetScan Human High (predicted) NCOR2 
TargetScan Human High (predicted) NDRG3 
TargetScan Human High (predicted) NECAB3 
TargetScan Human High (predicted) NEDD9 
TargetScan Human High (predicted) NEMP1 
TargetScan Human High (predicted) NEO1 
TargetScan Human High (predicted) NEU1 
TargetScan Human High (predicted) NFIB 
TargetScan Human High (predicted) NIN 
TargetScan Human High (predicted) NIP7 
TargetScan Human High (predicted) NIPA1 
TargetScan Human High (predicted) NIPAL4 
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TargetScan Human High (predicted) NKIRAS2 
TargetScan Human High (predicted) NKPD1 
TargetScan Human High (predicted) NLRP1 
TargetScan Human High (predicted) NOS1AP 
TargetScan Human High (predicted) NPL 
TargetScan Human High (predicted) NRG3 
TargetScan Human High (predicted) NRM 
TargetScan Human High (predicted) NRXN1 
TargetScan Human High (predicted) NT5DC1 
TargetScan Human High (predicted) NUMBL 
TargetScan Human High (predicted) NUP210 
TargetScan Human High (predicted) NUP50 
TargetScan Human High (predicted) NXF1 
TargetScan Human High (predicted) OAZ2 
TargetScan Human High (predicted) OGFR 
TargetScan Human High (predicted) OLFML2A 
TargetScan Human High (predicted) ONECUT2 
TargetScan Human High (predicted) OPALIN 
TargetScan Human High (predicted) ORC2 
TargetScan Human High (predicted) OSBPL9 
TargetScan Human High (predicted) OTUB2 
TargetScan Human High (predicted) OVOL1 
TargetScan Human High (predicted) P2RY8 
TargetScan Human High (predicted) PACS2 
TargetScan Human High (predicted) PAFAH1B1 
TargetScan Human High (predicted) PAPOLA 
TargetScan Human High (predicted) PAPOLB 
TargetScan Human High (predicted) PARM1 
TargetScan Human High (predicted) PARP14 
TargetScan Human High (predicted) PARVG 
TargetScan Human High (predicted) PCGF6 
TargetScan Human High (predicted) PCNX 
TargetScan Human High (predicted) PCSK7 
TargetScan Human High (predicted) PDE7A 
TargetScan Human High (predicted) PDK3 
TargetScan Human High (predicted) PDPR 
TargetScan Human High (predicted) PDZD3 
TargetScan Human High (predicted) PEAK1 
TargetScan Human High (predicted) PELI2 
TargetScan Human High (predicted) PGAP3 
TargetScan Human High (predicted) PGP 
TargetScan Human High (predicted) PHC2 
TargetScan Human High (predicted) PHF20 
TargetScan Human High (predicted) PHF23 
TargetScan Human High (predicted) PHOX2B 
TargetScan Human High (predicted) PHYHIP 
TargetScan Human High (predicted) PI4K2B 
TargetScan Human High (predicted) PIK3C2B 
TargetScan Human High (predicted) PIK3CD 
TargetScan Human High (predicted) PIK3R5 
TargetScan Human High (predicted) PIP4K2B 
TargetScan Human High (predicted) PIP5K1C 
TargetScan Human High (predicted) PIP5KL1 
TargetScan Human High (predicted) PLAGL1 
TargetScan Human High (predicted) PLAGL2 
TargetScan Human High (predicted) PLEKHA8 
TargetScan Human High (predicted) PLEKHM3 
TargetScan Human High (predicted) PLXNA1 
TargetScan Human High (predicted) PMM2 
TargetScan Human High (predicted) PODXL 
TargetScan Human High (predicted) POU2F1 
TargetScan Human High (predicted) POU2F2 
TargetScan Human High (predicted) PPARA 
TargetScan Human High (predicted) PPAT 
TargetScan Human High (predicted) PPM1A 
TargetScan Human High (predicted) PPM1H 
TargetScan Human High (predicted) PPME1 
TargetScan Human High (predicted) PPP1CA 
TargetScan Human High (predicted) PPP1R37 
TargetScan Human High (predicted) PPP1R9B 
TargetScan Human High (predicted) PPP2CA 
TargetScan Human High (predicted) PPP2R4 
TargetScan Human High (predicted) PPP2R5C 
TargetScan Human High (predicted) PPT1 
TargetScan Human High (predicted) PRDM1 
TargetScan Human High (predicted) PRELID2 
TargetScan Human High (predicted) PRKAA2 
TargetScan Human High (predicted) PROX1 
TargetScan Human High (predicted) PRRC1 
TargetScan Human High (predicted) PRSS35 
TargetScan Human High (predicted) PRTG 
TargetScan Human High (predicted) PSMB8 
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TargetScan Human High (predicted) PSMD7 
TargetScan Human High (predicted) PSMD9 
TargetScan Human High (predicted) PSTPIP2 
TargetScan Human High (predicted) PTAR1 
TargetScan Human High (predicted) PTH1R 
TargetScan Human High (predicted) PTPN18 
TargetScan Human High (predicted) PVRL2 
TargetScan Human High (predicted) QKI 
TargetScan Human High (predicted) QSOX2 
TargetScan Human High (predicted) RAB22A 
TargetScan Human High (predicted) RAB3D 
TargetScan Human High (predicted) RAB3IP 
TargetScan Human High (predicted) RAB6B 
TargetScan Human High (predicted) RAB8B 
TargetScan Human High (predicted) RABEP2 
TargetScan Human High (predicted) RAF1 
TargetScan Human High (predicted) RALGPS2 
TargetScan Human High (predicted) RAP1GAP2 
TargetScan Human High (predicted) RAPGEF5 
TargetScan Human High (predicted) RAPGEFL1 
TargetScan Human High (predicted) RASAL2 
TargetScan Human High (predicted) RASGEF1A 
TargetScan Human High (predicted) RASGRF1 
TargetScan Human High (predicted) RASGRF2 
TargetScan Human High (predicted) RASL10B 
TargetScan Human High (predicted) RASSF3 
TargetScan Human High (predicted) RBAK 
TargetScan Human High (predicted) RBCK1 
TargetScan Human High (predicted) RBFOX2 
TargetScan Human High (predicted) RBM20 
TargetScan Human High (predicted) RBM24 
TargetScan Human High (predicted) RBM38 
TargetScan Human High (predicted) RBM7 
TargetScan Human High (predicted) REEP3 
TargetScan Human High (predicted) REST 
TargetScan Human High (predicted) RET 
TargetScan Human High (predicted) RFX5 
TargetScan Human High (predicted) RFXANK 
TargetScan Human High (predicted) RGS6 
TargetScan Human High (predicted) RHOBTB2 
TargetScan Human High (predicted) RHOQ 
TargetScan Human High (predicted) RHOT2 
TargetScan Human High (predicted) RIMKLA 
TargetScan Human High (predicted) RIN3 
TargetScan Human High (predicted) RIT1 
TargetScan Human High (predicted) RMND5A 
TargetScan Human High (predicted) RND2 
TargetScan Human High (predicted) RNF121 
TargetScan Human High (predicted) RNF144A 
TargetScan Human High (predicted) RNF144B 
TargetScan Human High (predicted) RNF168 
TargetScan Human High (predicted) RNF222 
TargetScan Human High (predicted) RNF40 
TargetScan Human High (predicted) RNF44 
TargetScan Human High (predicted) RORA 
TargetScan Human High (predicted) RPS6KA1 
TargetScan Human High (predicted) RREB1 
TargetScan Human High (predicted) RS1 
TargetScan Human High (predicted) RTP1 
TargetScan Human High (predicted) RUFY3 
TargetScan Human High (predicted) RUSC2 
TargetScan Human High (predicted) RYBP 
TargetScan Human High (predicted) SAA2-SAA4 
TargetScan Human High (predicted) SAA4 
TargetScan Human High (predicted) SAMD10 
TargetScan Human High (predicted) SAR1B 
TargetScan Human High (predicted) SARM1 
TargetScan Human High (predicted) SASH1 
TargetScan Human High (predicted) SBNO1 
TargetScan Human High (predicted) SCARA5 
TargetScan Human High (predicted) SCARB1 
TargetScan Human High (predicted) SCARB2 
TargetScan Human High (predicted) SCARF2 
TargetScan Human High (predicted) SCN2B 
TargetScan Human High (predicted) SCN4A 
TargetScan Human High (predicted) SCN4B 
TargetScan Human High (predicted) SCN5A 
TargetScan Human High (predicted) SCRT1 
TargetScan Human High (predicted) SCRT2 
TargetScan Human High (predicted) SEC61A2 
TargetScan Human High (predicted) SEL1L 
TargetScan Human High (predicted) SEMA4B 
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TargetScan Human High (predicted) SEMA4C 
TargetScan Human High (predicted) SEMA4D 
TargetScan Human High (predicted) SEMA4F 
TargetScan Human High (predicted) SEPN1 
TargetScan Human High (predicted) SEPT11 
TargetScan Human High (predicted) SERTAD3 
TargetScan Human High (predicted) SESTD1 
TargetScan Human High (predicted) SETD7 
TargetScan Human High (predicted) SFXN2 
TargetScan Human High (predicted) SGSM2 
TargetScan Human High (predicted) SH2B3 
TargetScan Human High (predicted) SH3BP4 
TargetScan Human High (predicted) SH3BP5L 
TargetScan Human High (predicted) SH3TC2 
TargetScan Human High (predicted) SHISA6 
TargetScan Human High (predicted) SHTN1 
TargetScan Human High (predicted) SIRT7 
TargetScan Human High (predicted) SLA2 
TargetScan Human High (predicted) SLC16A6 
TargetScan Human High (predicted) SLC17A7 
TargetScan Human High (predicted) SLC18A3 
TargetScan Human High (predicted) SLC19A1 
TargetScan Human High (predicted) SLC23A2 
TargetScan Human High (predicted) SLC24A2 
TargetScan Human High (predicted) SLC25A15 
TargetScan Human High (predicted) SLC25A53 
TargetScan Human High (predicted) SLC26A6 
TargetScan Human High (predicted) SLC27A4 
TargetScan Human High (predicted) SLC31A1 
TargetScan Human High (predicted) SLC35A4 
TargetScan Human High (predicted) SLC35C1 
TargetScan Human High (predicted) SLC37A2 
TargetScan Human High (predicted) SLC38A9 
TargetScan Human High (predicted) SLC39A13 
TargetScan Human High (predicted) SLC39A9 
TargetScan Human High (predicted) SLC46A3 
TargetScan Human High (predicted) SLC4A10 
TargetScan Human High (predicted) SLC4A4 
TargetScan Human High (predicted) SLC4A8 
TargetScan Human High (predicted) SLC6A15 
TargetScan Human High (predicted) SLC6A17 
TargetScan Human High (predicted) SLC7A1 
TargetScan Human High (predicted) SLC7A6 
TargetScan Human High (predicted) SLC8A2 
TargetScan Human High (predicted) SLCO2A1 
TargetScan Human High (predicted) SLCO2B1 
TargetScan Human High (predicted) SLITRK6 
TargetScan Human High (predicted) SMAD2 
TargetScan Human High (predicted) SMAD4 
TargetScan Human High (predicted) SMARCD2 
TargetScan Human High (predicted) SMCR8 
TargetScan Human High (predicted) SMG1 
TargetScan Human High (predicted) SMG5 
TargetScan Human High (predicted) SMURF1 
TargetScan Human High (predicted) SNAP29 
TargetScan Human High (predicted) SNTB2 
TargetScan Human High (predicted) SNX18 
TargetScan Human High (predicted) SNX27 
TargetScan Human High (predicted) SOCS4 
TargetScan Human High (predicted) SORD 
TargetScan Human High (predicted) SORT1 
TargetScan Human High (predicted) SOX11 
TargetScan Human High (predicted) SP1 
TargetScan Human High (predicted) SP7 
TargetScan Human High (predicted) SPATA31D1 (includes others) 
TargetScan Human High (predicted) SPATA33 
TargetScan Human High (predicted) SPEG 
TargetScan Human High (predicted) SPSB1 
TargetScan Human High (predicted) SPSB4 
TargetScan Human High (predicted) SPTB 
TargetScan Human High (predicted) SRF 
TargetScan Human High (predicted) SRGAP2 
TargetScan Human High (predicted) SRPRB 
TargetScan Human High (predicted) SRRM3 
TargetScan Human High (predicted) SRSF6 
TargetScan Human High (predicted) SSTR3 
TargetScan Human High (predicted) ST6GAL1 
TargetScan Human High (predicted) ST6GALNAC6 
TargetScan Human High (predicted) ST8SIA4 
TargetScan Human High (predicted) STARD13 
TargetScan Human High (predicted) STAT3 
TargetScan Human High (predicted) STMN3 
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TargetScan Human High (predicted) STX18 
TargetScan Human High (predicted) STX6 
TargetScan Human High (predicted) STXBP5L 
TargetScan Human High (predicted) SULT4A1 
TargetScan Human High (predicted) SUN1 
TargetScan Human High (predicted) SUSD6 
TargetScan Human High (predicted) SUV39H1 
TargetScan Human High (predicted) SVIP 
TargetScan Human High (predicted) SWSAP1 
TargetScan Human High (predicted) SYDE2 
TargetScan Human High (predicted) SYN2 
TargetScan Human High (predicted) SYT2 
TargetScan Human High (predicted) SYVN1 
TargetScan Human High (predicted) SZRD1 
TargetScan Human High (predicted) TACC2 
TargetScan Human High (predicted) TADA2B 
TargetScan Human High (predicted) TAF5L 
TargetScan Human High (predicted) TAF9B 
TargetScan Human High (predicted) TAOK1 
TargetScan Human High (predicted) TAP2 
TargetScan Human High (predicted) TAT 
TargetScan Human High (predicted) TAZ 
TargetScan Human High (predicted) TBC1D1 
TargetScan Human High (predicted) TBC1D8B 
TargetScan Human High (predicted) TBX4 
TargetScan Human High (predicted) TCTA 
TargetScan Human High (predicted) TDG 
TargetScan Human High (predicted) TEF 
TargetScan Human High (predicted) TET2 
TargetScan Human High (predicted) TGOLN2 
TargetScan Human High (predicted) THEMIS2 
TargetScan Human High (predicted) THY1 
TargetScan Human High (predicted) TIMM17B 
TargetScan Human High (predicted) TLE3 
TargetScan Human High (predicted) TLK2 
TargetScan Human High (predicted) TMBIM6 
TargetScan Human High (predicted) TMCC2 
TargetScan Human High (predicted) TMED9 
TargetScan Human High (predicted) TMEM101 
TargetScan Human High (predicted) TMEM120B 
TargetScan Human High (predicted) TMEM123 
TargetScan Human High (predicted) TMEM135 
TargetScan Human High (predicted) TMEM136 
TargetScan Human High (predicted) TMEM161B 
TargetScan Human High (predicted) TMEM168 
TargetScan Human High (predicted) TMEM170B 
TargetScan Human High (predicted) TMEM174 
TargetScan Human High (predicted) TMEM177 
TargetScan Human High (predicted) TMEM19 
TargetScan Human High (predicted) TMEM198 
TargetScan Human High (predicted) TMEM201 
TargetScan Human High (predicted) TMEM229B 
TargetScan Human High (predicted) TMEM26 
TargetScan Human High (predicted) TMEM63A 
TargetScan Human High (predicted) TMEM86A 
TargetScan Human High (predicted) TMEM87B 
TargetScan Human High (predicted) TMLHE 
TargetScan Human High (predicted) TMPRSS13 
TargetScan Human High (predicted) TNFAIP3 
TargetScan Human High (predicted) TNFRSF1B 
TargetScan Human High (predicted) TNFSF4 
TargetScan Human High (predicted) TOMM40 
TargetScan Human High (predicted) TP53INP1 
TargetScan Human High (predicted) TRAF6 
TargetScan Human High (predicted) TRAPPC6B 
TargetScan Human High (predicted) TRIAP1 
TargetScan Human High (predicted) TRIB2 
TargetScan Human High (predicted) TRIL 
TargetScan Human High (predicted) TRIM7 
TargetScan Human High (predicted) TRIM71 
TargetScan Human High (predicted) TRMT5 
TargetScan Human High (predicted) TRPS1 
TargetScan Human High (predicted) TSEN54 
TargetScan Human High (predicted) TSHZ2 
TargetScan Human High (predicted) TSPAN12 
TargetScan Human High (predicted) TSPAN14 
TargetScan Human High (predicted) TSTA3 
TargetScan Human High (predicted) TSTD2 
TargetScan Human High (predicted) TTC7A 
TargetScan Human High (predicted) TTPA 
TargetScan Human High (predicted) TXNRD1 
TargetScan Human High (predicted) TXNRD3 
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TargetScan Human High (predicted) TYSND1 
TargetScan Human High (predicted) UBASH3B 
TargetScan Human High (predicted) UBE2G1 
TargetScan Human High (predicted) UBE2J1 
TargetScan Human High (predicted) UBE2L3 
TargetScan Human High (predicted) UBE2R2 
TargetScan Human High (predicted) UBE2W 
TargetScan Human High (predicted) UBL4B 
TargetScan Human High (predicted) UBN1 
TargetScan Human High (predicted) UBR2 
TargetScan Human High (predicted) UBR7 
TargetScan Human High (predicted) UBTD1 
TargetScan Human High (predicted) UCK2 
TargetScan Human High (predicted) ULK3 
TargetScan Human High (predicted) UNC5C 
TargetScan Human High (predicted) USP12 
TargetScan Human High (predicted) USP2 
TargetScan Human High (predicted) USP37 
TargetScan Human High (predicted) USP38 
TargetScan Human High (predicted) USP45 
TargetScan Human High (predicted) USP46 
TargetScan Human High (predicted) USP8 
TargetScan Human High (predicted) VANGL1 
TargetScan Human High (predicted) VANGL2 
TargetScan Human High (predicted) VAV3 
TargetScan Human High (predicted) VAX1 
TargetScan Human High (predicted) VCPIP1 
TargetScan Human High (predicted) VDR 
TargetScan Human High (predicted) VEGFA 
TargetScan Human High (predicted) VPS36 
TargetScan Human High (predicted) VPS37B 
TargetScan Human High (predicted) VPS37C 
TargetScan Human High (predicted) VPS4B 
TargetScan Human High (predicted) VTCN1 
TargetScan Human High (predicted) WARS 
TargetScan Human High (predicted) WDR1 
TargetScan Human High (predicted) WIPF2 
TargetScan Human High (predicted) WIZ 
TargetScan Human High (predicted) XKRX 
TargetScan Human High (predicted) YES1 
TargetScan Human High (predicted) YIPF6 
TargetScan Human High (predicted) YOD1 
TargetScan Human High (predicted) YWHAG 
TargetScan Human High (predicted) ZBTB33 
TargetScan Human High (predicted) ZBTB34 
TargetScan Human High (predicted) ZBTB37 
TargetScan Human High (predicted) ZBTB38 
TargetScan Human High (predicted) ZBTB43 
TargetScan Human High (predicted) ZBTB47 
TargetScan Human High (predicted) ZBTB7A 
TargetScan Human High (predicted) ZC3H12B 
TargetScan Human High (predicted) ZC3H7B 
TargetScan Human High (predicted) ZCCHC8 
TargetScan Human High (predicted) ZDHHC7 
TargetScan Human High (predicted) ZDHHC9 
TargetScan Human High (predicted) ZFP62 
TargetScan Human High (predicted) ZFYVE1 
TargetScan Human High (predicted) ZKSCAN5 
TargetScan Human High (predicted) ZMYM2 
TargetScan Human High (predicted) ZNF12 
TargetScan Human High (predicted) ZNF148 
TargetScan Human High (predicted) ZNF236 
TargetScan Human High (predicted) ZNF281 
TargetScan Human High (predicted) ZNF304 
TargetScan Human High (predicted) ZNF343 
TargetScan Human High (predicted) ZNF395 
TargetScan Human High (predicted) ZNF460 
TargetScan Human High (predicted) ZNF512B 
TargetScan Human High (predicted) ZNF518A 
TargetScan Human High (predicted) ZNF543 
TargetScan Human High (predicted) ZNF546 
TargetScan Human High (predicted) ZNF618 
TargetScan Human High (predicted) ZNF624 
TargetScan Human High (predicted) ZNF652 
TargetScan Human High (predicted) ZNF664 
TargetScan Human High (predicted) ZNF691 
TargetScan Human High (predicted) ZNF704 
TargetScan Human High (predicted) ZNF707 
TargetScan Human High (predicted) ZNF76 
TargetScan Human High (predicted) ZNF792 
TargetScan Human High (predicted) ZNRF3 
TargetScan Human High (predicted) ZSCAN22 
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TargetScan Human High (predicted) ZSCAN29 
TargetScan Human High (predicted) ZSWIM4 
TargetScan Human High (predicted) ZSWIM5 
TargetScan Human High (predicted) ZSWIM6 
TargetScan Human High (predicted),Moderate (predicted) METTL15 
TargetScan Human High (predicted),Moderate (predicted) NBPF15 (includes others) 
TargetScan Human High (predicted),Moderate (predicted) POFUT2 
TargetScan Human Moderate (predicted) AARS2 
TargetScan Human Moderate (predicted) ABAT 
TargetScan Human Moderate (predicted) ABCC5 
TargetScan Human Moderate (predicted) ABLIM3 
TargetScan Human Moderate (predicted) ACADS 
TargetScan Human Moderate (predicted) ACCSL 
TargetScan Human Moderate (predicted) ACPP 
TargetScan Human Moderate (predicted) ACSBG2 
TargetScan Human Moderate (predicted) ACTR10 
TargetScan Human Moderate (predicted) ACTR8 
TargetScan Human Moderate (predicted) ADAT1 
TargetScan Human Moderate (predicted) ADCK1 
TargetScan Human Moderate (predicted) ADD2 
TargetScan Human Moderate (predicted) ADH1B 
TargetScan Human Moderate (predicted) AEN 
TargetScan Human Moderate (predicted) AGTRAP 
TargetScan Human Moderate (predicted) AKAP6 
TargetScan Human Moderate (predicted) ALDH4A1 
TargetScan Human Moderate (predicted) ALG1 
TargetScan Human Moderate (predicted) ALG10B 
TargetScan Human Moderate (predicted) ALG12 
TargetScan Human Moderate (predicted) ALG13 
TargetScan Human Moderate (predicted) AMBRA1 
TargetScan Human Moderate (predicted) ANAPC15 
TargetScan Human Moderate (predicted) ANKMY1 
TargetScan Human Moderate (predicted) ANKRD26 
TargetScan Human Moderate (predicted) ANKRD35 
TargetScan Human Moderate (predicted) ANKS6 
TargetScan Human Moderate (predicted) ANO3 
TargetScan Human Moderate (predicted) APOBEC3F 
TargetScan Human Moderate (predicted) APOBEC4 
TargetScan Human Moderate (predicted) APOL4 
TargetScan Human Moderate (predicted) APOL6 
TargetScan Human Moderate (predicted) APPL1 
TargetScan Human Moderate (predicted) AQP6 
TargetScan Human Moderate (predicted) ARHGAP27 
TargetScan Human Moderate (predicted) ARHGEF18 
TargetScan Human Moderate (predicted) ARHGEF2 
TargetScan Human Moderate (predicted) ARMT1 
TargetScan Human Moderate (predicted) ARPIN/C15orf38-AP3S2 
TargetScan Human Moderate (predicted) ARSD 
TargetScan Human Moderate (predicted) ASB11 
TargetScan Human Moderate (predicted) ASRGL1 
TargetScan Human Moderate (predicted) ASTN2 
TargetScan Human Moderate (predicted) ATHL1 
TargetScan Human Moderate (predicted) ATL2 
TargetScan Human Moderate (predicted) AZI2 
TargetScan Human Moderate (predicted) B3GLCT 
TargetScan Human Moderate (predicted) B4GALNT1 
TargetScan Human Moderate (predicted) B4GAT1 
TargetScan Human Moderate (predicted) BAIAP2L1 
TargetScan Human Moderate (predicted) BATF2 
TargetScan Human Moderate (predicted) BCKDK 
TargetScan Human Moderate (predicted) BCL2L13 
TargetScan Human Moderate (predicted) BFAR 
TargetScan Human Moderate (predicted) BHLHB9 
TargetScan Human Moderate (predicted) BIN3 
TargetScan Human Moderate (predicted) BLOC1S3 
TargetScan Human Moderate (predicted) BRCC3 
TargetScan Human Moderate (predicted) BRMS1 
TargetScan Human Moderate (predicted) BRPF3 
TargetScan Human Moderate (predicted) BSG 
TargetScan Human Moderate (predicted) BTBD9 
TargetScan Human Moderate (predicted) BTG2 
TargetScan Human Moderate (predicted) C16orf62 
TargetScan Human Moderate (predicted) C17orf50 
TargetScan Human Moderate (predicted) C17orf96 
TargetScan Human Moderate (predicted) C1orf109 
TargetScan Human Moderate (predicted) C1orf116 
TargetScan Human Moderate (predicted) C20orf203 
TargetScan Human Moderate (predicted) C3orf62 
TargetScan Human Moderate (predicted) C3orf80 
TargetScan Human Moderate (predicted) C4orf26 
TargetScan Human Moderate (predicted) C6orf223 
TargetScan Human Moderate (predicted) C7orf26 
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TargetScan Human Moderate (predicted) C8orf33 
TargetScan Human Moderate (predicted) C9orf139 
TargetScan Human Moderate (predicted) C9orf170 
TargetScan Human Moderate (predicted) C9orf47 
TargetScan Human Moderate (predicted) C9orf9 
TargetScan Human Moderate (predicted) CA12 
TargetScan Human Moderate (predicted) CAB39L 
TargetScan Human Moderate (predicted) CALCA 
TargetScan Human Moderate (predicted) CARD8 
TargetScan Human Moderate (predicted) CARS2 
TargetScan Human Moderate (predicted) CASKIN2 
TargetScan Human Moderate (predicted) CCDC120 
TargetScan Human Moderate (predicted) CCDC126 
TargetScan Human Moderate (predicted) CCDC134 
TargetScan Human Moderate (predicted) CCDC88B 
TargetScan Human Moderate (predicted) CCR7 
TargetScan Human Moderate (predicted) CD244 
TargetScan Human Moderate (predicted) CD59 
TargetScan Human Moderate (predicted) CD8A 
TargetScan Human Moderate (predicted) CDC20B 
TargetScan Human Moderate (predicted) CDH12 
TargetScan Human Moderate (predicted) CDIPT 
TargetScan Human Moderate (predicted) CEMIP 
TargetScan Human Moderate (predicted) CEMP1 
TargetScan Human Moderate (predicted) CEP68 
TargetScan Human Moderate (predicted) CERS3 
TargetScan Human Moderate (predicted) CES3 
TargetScan Human Moderate (predicted) CHIT1 
TargetScan Human Moderate (predicted) CHRM5 
TargetScan Human Moderate (predicted) CHRNA10 
TargetScan Human Moderate (predicted) CKLF 
TargetScan Human Moderate (predicted) CLEC2B 
TargetScan Human Moderate (predicted) CLN6 
TargetScan Human Moderate (predicted) CMTM4 
TargetScan Human Moderate (predicted) CNGA2 
TargetScan Human Moderate (predicted) CNTNAP1 
TargetScan Human Moderate (predicted) COX11 
TargetScan Human Moderate (predicted) COX7A2L 
TargetScan Human Moderate (predicted) CRCP 
TargetScan Human Moderate (predicted) CRTAM 
TargetScan Human Moderate (predicted) CRYAA/LOC102724652 
TargetScan Human Moderate (predicted) CSF2RB 
TargetScan Human Moderate (predicted) CSRNP1 
TargetScan Human Moderate (predicted) CST9 
TargetScan Human Moderate (predicted) CYB561 
TargetScan Human Moderate (predicted) CYB561D1 
TargetScan Human Moderate (predicted) CYFIP2 
TargetScan Human Moderate (predicted) CYP11B2 
TargetScan Human Moderate (predicted) CYYR1 
TargetScan Human Moderate (predicted) DCAF4L1 
TargetScan Human Moderate (predicted) DCLK1 
TargetScan Human Moderate (predicted) DCLRE1C 
TargetScan Human Moderate (predicted) DCTPP1 
TargetScan Human Moderate (predicted) DDR1 
TargetScan Human Moderate (predicted) DGKQ 
TargetScan Human Moderate (predicted) DIDO1 
TargetScan Human Moderate (predicted) DMC1 
TargetScan Human Moderate (predicted) DNAJA4 
TargetScan Human Moderate (predicted) DNAJC19 
TargetScan Human Moderate (predicted) DOK1 
TargetScan Human Moderate (predicted) DPM2 
TargetScan Human Moderate (predicted) DQX1 
TargetScan Human Moderate (predicted) DRD4 
TargetScan Human Moderate (predicted) DRP2 
TargetScan Human Moderate (predicted) DTNA 
TargetScan Human Moderate (predicted) DTWD2 
TargetScan Human Moderate (predicted) DUOX1 
TargetScan Human Moderate (predicted) EFCAB2 
TargetScan Human Moderate (predicted) EFNA2 
TargetScan Human Moderate (predicted) EHD1 
TargetScan Human Moderate (predicted) ELK1 
TargetScan Human Moderate (predicted) EMILIN1 
TargetScan Human Moderate (predicted) ENDOD1 
TargetScan Human Moderate (predicted) ENKUR 
TargetScan Human Moderate (predicted) ENTHD2 
TargetScan Human Moderate (predicted) EPB41 
TargetScan Human Moderate (predicted) EPHA2 
TargetScan Human Moderate (predicted) EPHA8 
TargetScan Human Moderate (predicted) EPM2A 
TargetScan Human Moderate (predicted) ERMN 
TargetScan Human Moderate (predicted) ERMP1 
TargetScan Human Moderate (predicted) FAAP100 
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TargetScan Human Moderate (predicted) FAM131C 
TargetScan Human Moderate (predicted) FAM155B 
TargetScan Human Moderate (predicted) FAM160B2 
TargetScan Human Moderate (predicted) FAM178B 
TargetScan Human Moderate (predicted) FAM185A 
TargetScan Human Moderate (predicted) FAM20B 
TargetScan Human Moderate (predicted) FAM221B 
TargetScan Human Moderate (predicted) FBXL20 
TargetScan Human Moderate (predicted) FBXO48 
TargetScan Human Moderate (predicted) FEM1A 
TargetScan Human Moderate (predicted) FFAR4 
TargetScan Human Moderate (predicted) FGB 
TargetScan Human Moderate (predicted) FGF5 
TargetScan Human Moderate (predicted) FHAD1 
TargetScan Human Moderate (predicted) FIBIN 
TargetScan Human Moderate (predicted) FLG 
TargetScan Human Moderate (predicted) FLJ44635 
TargetScan Human Moderate (predicted) FMNL3 
TargetScan Human Moderate (predicted) FMO2 
TargetScan Human Moderate (predicted) FOXL2NB 
TargetScan Human Moderate (predicted) FOXRED2 
TargetScan Human Moderate (predicted) FRMPD4 
TargetScan Human Moderate (predicted) FUT7 
TargetScan Human Moderate (predicted) GABRP 
TargetScan Human Moderate (predicted) GALNS 
TargetScan Human Moderate (predicted) GINS3 
TargetScan Human Moderate (predicted) GJB7 
TargetScan Human Moderate (predicted) GJC2 
TargetScan Human Moderate (predicted) GJC3 
TargetScan Human Moderate (predicted) GLYCTK 
TargetScan Human Moderate (predicted) GOLGA5 
TargetScan Human Moderate (predicted) GOLGB1 
TargetScan Human Moderate (predicted) GORASP1 
TargetScan Human Moderate (predicted) GP2 
TargetScan Human Moderate (predicted) GPATCH3 
TargetScan Human Moderate (predicted) GPC1 
TargetScan Human Moderate (predicted) GPKOW 
TargetScan Human Moderate (predicted) GPR65 
TargetScan Human Moderate (predicted) GPR78 
TargetScan Human Moderate (predicted) GREB1 
TargetScan Human Moderate (predicted) GRID1 
TargetScan Human Moderate (predicted) GTF3C3 
TargetScan Human Moderate (predicted) GUCD1 
TargetScan Human Moderate (predicted) H1FX 
TargetScan Human Moderate (predicted) H6PD 
TargetScan Human Moderate (predicted) HCAR2 
TargetScan Human Moderate (predicted) HCAR3 
TargetScan Human Moderate (predicted) HDAC5 
TargetScan Human Moderate (predicted) HERC6 
TargetScan Human Moderate (predicted) HES2 
TargetScan Human Moderate (predicted) HHAT 
TargetScan Human Moderate (predicted) HHIPL1 
TargetScan Human Moderate (predicted) HIP1R 
TargetScan Human Moderate (predicted) HIST1H4L 
TargetScan Human Moderate (predicted) HIST2H2BF 
TargetScan Human Moderate (predicted) HIVEP2 
TargetScan Human Moderate (predicted) HMGCR 
TargetScan Human Moderate (predicted) HNRNPA2B1 
TargetScan Human Moderate (predicted) HPS6 
TargetScan Human Moderate (predicted) HSH2D 
TargetScan Human Moderate (predicted) HSPB2 
TargetScan Human Moderate (predicted) IFNG 
TargetScan Human Moderate (predicted) IGHMBP2 
TargetScan Human Moderate (predicted) IKBKG 
TargetScan Human Moderate (predicted) IL10RA 
TargetScan Human Moderate (predicted) IL1F10 
TargetScan Human Moderate (predicted) IL22RA1 
TargetScan Human Moderate (predicted) IL2RB 
TargetScan Human Moderate (predicted) IQCJ 
TargetScan Human Moderate (predicted) IQSEC3 
TargetScan Human Moderate (predicted) IRF1 
TargetScan Human Moderate (predicted) ITGA7 
TargetScan Human Moderate (predicted) ITIH6 
TargetScan Human Moderate (predicted) ITPKB 
TargetScan Human Moderate (predicted) ITSN2 
TargetScan Human Moderate (predicted) IYD 
TargetScan Human Moderate (predicted) KANSL2 
TargetScan Human Moderate (predicted) KBTBD11 
TargetScan Human Moderate (predicted) KBTBD13 
TargetScan Human Moderate (predicted) KCNA7 
TargetScan Human Moderate (predicted) KCNH8 
TargetScan Human Moderate (predicted) KCNJ13 
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TargetScan Human Moderate (predicted) KCNJ9 
TargetScan Human Moderate (predicted) KCTD7 
TargetScan Human Moderate (predicted) KIAA0141 
TargetScan Human Moderate (predicted) KIAA0753 
TargetScan Human Moderate (predicted) KIAA1257 
TargetScan Human Moderate (predicted) KIF24 
TargetScan Human Moderate (predicted) KLHDC7B 
TargetScan Human Moderate (predicted) KLHL40 
TargetScan Human Moderate (predicted) KLK5 
TargetScan Human Moderate (predicted) KMO 
TargetScan Human Moderate (predicted) KNCN 
TargetScan Human Moderate (predicted) KRT74 
TargetScan Human Moderate (predicted) KRTAP5-4 
TargetScan Human Moderate (predicted) KRTAP5-7 
TargetScan Human Moderate (predicted) KRTAP5-8 
TargetScan Human Moderate (predicted) LACC1 
TargetScan Human Moderate (predicted) LAMC2 
TargetScan Human Moderate (predicted) LAMTOR3 
TargetScan Human Moderate (predicted) LEPROT 
TargetScan Human Moderate (predicted) LETM1 
TargetScan Human Moderate (predicted) LHX6 
TargetScan Human Moderate (predicted) LIG4 
TargetScan Human Moderate (predicted) LILRA2 
TargetScan Human Moderate (predicted) LILRA6 
TargetScan Human Moderate (predicted) LIMA1 
TargetScan Human Moderate (predicted) LIMCH1 
TargetScan Human Moderate (predicted) LIPH 
TargetScan Human Moderate (predicted) LMLN 
TargetScan Human Moderate (predicted) LMOD1 
TargetScan Human Moderate (predicted) LOC100506422 
TargetScan Human Moderate (predicted) LPIN2 
TargetScan Human Moderate (predicted) LRP3 
TargetScan Human Moderate (predicted) LRPAP1 
TargetScan Human Moderate (predicted) LRRC15 
TargetScan Human Moderate (predicted) LRRC37A3 (includes others) 
TargetScan Human Moderate (predicted) LRRC46 
TargetScan Human Moderate (predicted) LSM4 
TargetScan Human Moderate (predicted) LYRM4 
TargetScan Human Moderate (predicted) LYRM9 
TargetScan Human Moderate (predicted) LZTS1 
TargetScan Human Moderate (predicted) LZTS2 
TargetScan Human Moderate (predicted) MADD 
TargetScan Human Moderate (predicted) MAGOHB 
TargetScan Human Moderate (predicted) MALL 
TargetScan Human Moderate (predicted) MAP3K9 
TargetScan Human Moderate (predicted) MAP6 
TargetScan Human Moderate (predicted) MARCH4 
TargetScan Human Moderate (predicted) MAT1A 
TargetScan Human Moderate (predicted) MBP 
TargetScan Human Moderate (predicted) MCAM 
TargetScan Human Moderate (predicted) MCTP2 
TargetScan Human Moderate (predicted) MDC1 
TargetScan Human Moderate (predicted) MED20 
TargetScan Human Moderate (predicted) METTL21A 
TargetScan Human Moderate (predicted) MLX 
TargetScan Human Moderate (predicted) MLYCD 
TargetScan Human Moderate (predicted) MMP2 
TargetScan Human Moderate (predicted) MMP25 
TargetScan Human Moderate (predicted) MMP28 
TargetScan Human Moderate (predicted) MOB3A 
TargetScan Human Moderate (predicted) MOBP 
TargetScan Human Moderate (predicted) MPZL1 
TargetScan Human Moderate (predicted) MRPL10 
TargetScan Human Moderate (predicted) MRPL11 
TargetScan Human Moderate (predicted) MRPL15 
TargetScan Human Moderate (predicted) MRPL30 
TargetScan Human Moderate (predicted) MRPS7 
TargetScan Human Moderate (predicted) MS4A6A 
TargetScan Human Moderate (predicted) MTMR6 
TargetScan Human Moderate (predicted) MTSS1L 
TargetScan Human Moderate (predicted) MUC2 
TargetScan Human Moderate (predicted) MUC5B 
TargetScan Human Moderate (predicted) MVK 
TargetScan Human Moderate (predicted) MYEOV 
TargetScan Human Moderate (predicted) MYL9 
TargetScan Human Moderate (predicted) MYO15A 
TargetScan Human Moderate (predicted) MYO1D 
TargetScan Human Moderate (predicted) NAA60 
TargetScan Human Moderate (predicted) NAT9 
TargetScan Human Moderate (predicted) NBPF3 
TargetScan Human Moderate (predicted) NCR3LG1 
TargetScan Human Moderate (predicted) NDUFA2 
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TargetScan Human Moderate (predicted) NFAM1 
TargetScan Human Moderate (predicted) NFATC1 
TargetScan Human Moderate (predicted) NFATC4 
TargetScan Human Moderate (predicted) NICN1 
TargetScan Human Moderate (predicted) NKX2-3 
TargetScan Human Moderate (predicted) NLRC5 
TargetScan Human Moderate (predicted) NLRP2 
TargetScan Human Moderate (predicted) NME9 
TargetScan Human Moderate (predicted) NMRK2 
TargetScan Human Moderate (predicted) NOD1 
TargetScan Human Moderate (predicted) NOL12 
TargetScan Human Moderate (predicted) NOTCH2 
TargetScan Human Moderate (predicted) NR2C1 
TargetScan Human Moderate (predicted) NRSN2 
TargetScan Human Moderate (predicted) NSL1 
TargetScan Human Moderate (predicted) NT5E 
TargetScan Human Moderate (predicted) NT5M 
TargetScan Human Moderate (predicted) NTF4 
TargetScan Human Moderate (predicted) NUDT16 
TargetScan Human Moderate (predicted) OPHN1 
TargetScan Human Moderate (predicted) OR13A1 
TargetScan Human Moderate (predicted) ORC4 
TargetScan Human Moderate (predicted) OTUB1 
TargetScan Human Moderate (predicted) P2RX4 
TargetScan Human Moderate (predicted) P2RX6 
TargetScan Human Moderate (predicted) P2RX7 
TargetScan Human Moderate (predicted) PACSIN1 
TargetScan Human Moderate (predicted) PADI2 
TargetScan Human Moderate (predicted) PAGR1 
TargetScan Human Moderate (predicted) PAN2 
TargetScan Human Moderate (predicted) PANK1 
TargetScan Human Moderate (predicted) PAQR4 
TargetScan Human Moderate (predicted) PARP11 
TargetScan Human Moderate (predicted) PCDH15 
TargetScan Human Moderate (predicted) PDIA3 
TargetScan Human Moderate (predicted) PDK2 
TargetScan Human Moderate (predicted) PES1 
TargetScan Human Moderate (predicted) PFAS 
TargetScan Human Moderate (predicted) PGC 
TargetScan Human Moderate (predicted) PHKA1 
TargetScan Human Moderate (predicted) PKHD1 
TargetScan Human Moderate (predicted) PLA2G16 
TargetScan Human Moderate (predicted) PLA2G2D 
TargetScan Human Moderate (predicted) PLA2G5 
TargetScan Human Moderate (predicted) PLCB3 
TargetScan Human Moderate (predicted) PLEKHG2 
TargetScan Human Moderate (predicted) PLIN3 
TargetScan Human Moderate (predicted) PLIN4 
TargetScan Human Moderate (predicted) PNPLA1 
TargetScan Human Moderate (predicted) PNPT1 
TargetScan Human Moderate (predicted) POLR1A 
TargetScan Human Moderate (predicted) POM121/POM121C 
TargetScan Human Moderate (predicted) PORCN 
TargetScan Human Moderate (predicted) PPCDC 
TargetScan Human Moderate (predicted) PPIF 
TargetScan Human Moderate (predicted) PPIL2 
TargetScan Human Moderate (predicted) PPP1R12B 
TargetScan Human Moderate (predicted) PPP2R1B 
TargetScan Human Moderate (predicted) PPP3R2 
TargetScan Human Moderate (predicted) PPP6R3 
TargetScan Human Moderate (predicted) PRAMEF18/PRAMEF19 
TargetScan Human Moderate (predicted) PRCD 
TargetScan Human Moderate (predicted) PRF1 
TargetScan Human Moderate (predicted) PROS1 
TargetScan Human Moderate (predicted) PROSER2 
TargetScan Human Moderate (predicted) PRR3 
TargetScan Human Moderate (predicted) PSAPL1 
TargetScan Human Moderate (predicted) PSG1 
TargetScan Human Moderate (predicted) PSG4 
TargetScan Human Moderate (predicted) PSG8 
TargetScan Human Moderate (predicted) PSMB9 
TargetScan Human Moderate (predicted) PSMD13 
TargetScan Human Moderate (predicted) PSMG3 
TargetScan Human Moderate (predicted) PTGDR2 
TargetScan Human Moderate (predicted) PTGES2 
TargetScan Human Moderate (predicted) PTPRB 
TargetScan Human Moderate (predicted) PTPRO 
TargetScan Human Moderate (predicted) PXMP4 
TargetScan Human Moderate (predicted) PYROXD1 
TargetScan Human Moderate (predicted) QRSL1 
TargetScan Human Moderate (predicted) RAB37 
TargetScan Human Moderate (predicted) RAB43 
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TargetScan Human Moderate (predicted) RASA3 
TargetScan Human Moderate (predicted) RASAL1 
TargetScan Human Moderate (predicted) RAX 
TargetScan Human Moderate (predicted) RBM14 
TargetScan Human Moderate (predicted) RBM4 
TargetScan Human Moderate (predicted) RCN3 
TargetScan Human Moderate (predicted) REL 
TargetScan Human Moderate (predicted) RFC5 
TargetScan Human Moderate (predicted) RNF26 
TargetScan Human Moderate (predicted) ROBO4 
TargetScan Human Moderate (predicted) RP1 
TargetScan Human Moderate (predicted) RPL28 
TargetScan Human Moderate (predicted) RPL36A 
TargetScan Human Moderate (predicted) RRM2 
TargetScan Human Moderate (predicted) RTCA 
TargetScan Human Moderate (predicted) RTN4RL1 
TargetScan Human Moderate (predicted) RUFY4 
TargetScan Human Moderate (predicted) SAP30L 
TargetScan Human Moderate (predicted) SARDH 
TargetScan Human Moderate (predicted) SCLY 
TargetScan Human Moderate (predicted) SEC14L1 
TargetScan Human Moderate (predicted) SEC14L2 
TargetScan Human Moderate (predicted) SEC23IP 
TargetScan Human Moderate (predicted) SEC31B 
TargetScan Human Moderate (predicted) SECISBP2 
TargetScan Human Moderate (predicted) SELV 
TargetScan Human Moderate (predicted) SERPINB8 
TargetScan Human Moderate (predicted) SERTM1 
TargetScan Human Moderate (predicted) SETD6 
TargetScan Human Moderate (predicted) SFRP5 
TargetScan Human Moderate (predicted) SGOL1 
TargetScan Human Moderate (predicted) SIRT2 
TargetScan Human Moderate (predicted) SIRT5 
TargetScan Human Moderate (predicted) SIT1 
TargetScan Human Moderate (predicted) SIX5 
TargetScan Human Moderate (predicted) SLC12A3 
TargetScan Human Moderate (predicted) SLC1A5 
TargetScan Human Moderate (predicted) SLC22A13 
TargetScan Human Moderate (predicted) SLC25A10 
TargetScan Human Moderate (predicted) SLC26A9 
TargetScan Human Moderate (predicted) SLC28A1 
TargetScan Human Moderate (predicted) SLC28A2 
TargetScan Human Moderate (predicted) SLC35A5 
TargetScan Human Moderate (predicted) SLC39A11 
TargetScan Human Moderate (predicted) SLC39A8 
TargetScan Human Moderate (predicted) SLC44A2 
TargetScan Human Moderate (predicted) SLC45A3 
TargetScan Human Moderate (predicted) SLC46A1 
TargetScan Human Moderate (predicted) SLC46A2 
TargetScan Human Moderate (predicted) SMC2 
TargetScan Human Moderate (predicted) SNAI3 
TargetScan Human Moderate (predicted) SNX22 
TargetScan Human Moderate (predicted) SNX24 
TargetScan Human Moderate (predicted) SNX32 
TargetScan Human Moderate (predicted) SNX33 
TargetScan Human Moderate (predicted) SP3 
TargetScan Human Moderate (predicted) SP5 
TargetScan Human Moderate (predicted) SP6 
TargetScan Human Moderate (predicted) SPAG8 
TargetScan Human Moderate (predicted) SPDEF 
TargetScan Human Moderate (predicted) SPRN 
TargetScan Human Moderate (predicted) SPRR3 
TargetScan Human Moderate (predicted) SPRTN 
TargetScan Human Moderate (predicted) SS18 
TargetScan Human Moderate (predicted) SSC4D 
TargetScan Human Moderate (predicted) SSR2 
TargetScan Human Moderate (predicted) SSTR5 
TargetScan Human Moderate (predicted) SSX2/SSX2B 
TargetScan Human Moderate (predicted) ST7L 
TargetScan Human Moderate (predicted) ST8SIA3 
TargetScan Human Moderate (predicted) STC2 
TargetScan Human Moderate (predicted) STRA6 
TargetScan Human Moderate (predicted) SYNDIG1L 
TargetScan Human Moderate (predicted) SYNPO 
TargetScan Human Moderate (predicted) TACR1 
TargetScan Human Moderate (predicted) TAF8 
TargetScan Human Moderate (predicted) TAPBP 
TargetScan Human Moderate (predicted) TCEB2 
TargetScan Human Moderate (predicted) TCF7 
TargetScan Human Moderate (predicted) TEX19 
TargetScan Human Moderate (predicted) THAP3 
TargetScan Human Moderate (predicted) THOC6 
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TargetScan Human Moderate (predicted) THTPA 
TargetScan Human Moderate (predicted) TIGD6 
TargetScan Human Moderate (predicted) TJAP1 
TargetScan Human Moderate (predicted) TK2 
TargetScan Human Moderate (predicted) TMEM151A 
TargetScan Human Moderate (predicted) TMEM231 
TargetScan Human Moderate (predicted) TMEM266 
TargetScan Human Moderate (predicted) TMEM37 
TargetScan Human Moderate (predicted) TMEM50A 
TargetScan Human Moderate (predicted) TMEM79 
TargetScan Human Moderate (predicted) TMEM8B 
TargetScan Human Moderate (predicted) TMPRSS11F 
TargetScan Human Moderate (predicted) TMPRSS4 
TargetScan Human Moderate (predicted) TNFAIP2 
TargetScan Human Moderate (predicted) TNFAIP8L3 
TargetScan Human Moderate (predicted) TNIP2 
TargetScan Human Moderate (predicted) TOR4A 
TargetScan Human Moderate (predicted) TP73 
TargetScan Human Moderate (predicted) TREML2 
TargetScan Human Moderate (predicted) TRIM62 
TargetScan Human Moderate (predicted) TRIM65 
TargetScan Human Moderate (predicted) TRIM68 
TargetScan Human Moderate (predicted) TRIM9 
TargetScan Human Moderate (predicted) TRIOBP 
TargetScan Human Moderate (predicted) TTC19 
TargetScan Human Moderate (predicted) TTC30B 
TargetScan Human Moderate (predicted) TTLL10 
TargetScan Human Moderate (predicted) TUFT1 
TargetScan Human Moderate (predicted) UBA52 
TargetScan Human Moderate (predicted) UBAC2 
TargetScan Human Moderate (predicted) UBOX5 
TargetScan Human Moderate (predicted) UCK1 
TargetScan Human Moderate (predicted) ULBP1 
TargetScan Human Moderate (predicted) UNK 
TargetScan Human Moderate (predicted) UNKL 
TargetScan Human Moderate (predicted) VPS33A 
TargetScan Human Moderate (predicted) VSTM4 
TargetScan Human Moderate (predicted) WDR5 
TargetScan Human Moderate (predicted) WDR7 
TargetScan Human Moderate (predicted) WSCD1 
TargetScan Human Moderate (predicted) WSCD2 
TargetScan Human Moderate (predicted) YTHDC1 
TargetScan Human Moderate (predicted) ZBED1 
TargetScan Human Moderate (predicted) ZC3H12D 
TargetScan Human Moderate (predicted) ZC3H13 
TargetScan Human Moderate (predicted) ZDHHC18 
TargetScan Human Moderate (predicted) ZDHHC8 
TargetScan Human Moderate (predicted) ZMYM3 
TargetScan Human Moderate (predicted) ZNF254 
TargetScan Human Moderate (predicted) ZNF396 
TargetScan Human Moderate (predicted) ZNF473 
TargetScan Human Moderate (predicted) ZNF530 
TargetScan Human Moderate (predicted) ZNF559-ZNF177 
TargetScan Human Moderate (predicted) ZNF578 
TargetScan Human Moderate (predicted) ZNF592 
TargetScan Human Moderate (predicted) ZNF70 
TargetScan Human Moderate (predicted) ZNF737 
TargetScan Human Moderate (predicted) ZNF75D 
TargetScan Human Moderate (predicted) ZNF780B 
TargetScan Human Moderate (predicted) ZNF80 
TargetScan Human Moderate (predicted) ZNF831 
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Table S2.3: Predicted/verified target genes of miR-490* 
Source Status Gene Abbv 
TargetScan Human High (predicted) ARHGAP26 
TargetScan Human High (predicted) C8orf37 
TargetScan Human High (predicted) CXorf56 
TargetScan Human High (predicted) DCAF8L1 
TargetScan Human High (predicted) DNAJB14 
TargetScan Human High (predicted) F8A1 (includes others) 
TargetScan Human High (predicted) FOS 
TargetScan Human High (predicted) GCH1 
TargetScan Human High (predicted) HYPM 
TargetScan Human High (predicted) LILRA3 
TargetScan Human High (predicted) LMOD1 
TargetScan Human High (predicted) NBR1 
TargetScan Human High (predicted) PDE8B 
TargetScan Human High (predicted) PLCXD3 
TargetScan Human High (predicted) RPS6KA3 
TargetScan Human High (predicted) SEL1L3 
TargetScan Human High (predicted) SLC16A7 
TargetScan Human High (predicted) TAOK1 
TargetScan Human High (predicted) TMEM123 
TargetScan Human High (predicted) ZNF562 
TargetScan Human High (predicted) ZNF770 
TargetScan Human High (predicted) ZXDB 
TargetScan Human High (predicted),Moderate (predicted) ESR2 
TargetScan Human Moderate (predicted) ADCYAP1 
TargetScan Human Moderate (predicted) ADGRE3 
TargetScan Human Moderate (predicted) ADGRF3 
TargetScan Human Moderate (predicted) ADSS 
TargetScan Human Moderate (predicted) AFF3 
TargetScan Human Moderate (predicted) AIMP1 
TargetScan Human Moderate (predicted) AKR1C4 
TargetScan Human Moderate (predicted) ALDH1A2 
TargetScan Human Moderate (predicted) ALDH1B1 
TargetScan Human Moderate (predicted) ALX4 
TargetScan Human Moderate (predicted) AMMECR1L 
TargetScan Human Moderate (predicted) ANK2 
TargetScan Human Moderate (predicted) ANKLE2 
TargetScan Human Moderate (predicted) ANKRD33B 
TargetScan Human Moderate (predicted) ANKRD34C 
TargetScan Human Moderate (predicted) AP1S3 
TargetScan Human Moderate (predicted) APPL1 
TargetScan Human Moderate (predicted) ARHGAP42 
TargetScan Human Moderate (predicted) ARL4A 
TargetScan Human Moderate (predicted) ARL4D 
TargetScan Human Moderate (predicted) ATP1B1 
TargetScan Human Moderate (predicted) B4GALNT3 
TargetScan Human Moderate (predicted) BACH1 
TargetScan Human Moderate (predicted) BAHD1 
TargetScan Human Moderate (predicted) BEND7 
TargetScan Human Moderate (predicted) BMP2 
TargetScan Human Moderate (predicted) BORA 
TargetScan Human Moderate (predicted) BRINP2 
TargetScan Human Moderate (predicted) BTAF1 
TargetScan Human Moderate (predicted) BTC 
TargetScan Human Moderate (predicted) BTNL9 
TargetScan Human Moderate (predicted) C11orf58 
TargetScan Human Moderate (predicted) C12orf74 
TargetScan Human Moderate (predicted) C14orf79 
TargetScan Human Moderate (predicted) C16orf45 
TargetScan Human Moderate (predicted) C17orf80 
TargetScan Human Moderate (predicted) C4orf3 
TargetScan Human Moderate (predicted) C5orf64 
TargetScan Human Moderate (predicted) C8A 
TargetScan Human Moderate (predicted) C9 
TargetScan Human Moderate (predicted) CA7 
TargetScan Human Moderate (predicted) CAGE1 
TargetScan Human Moderate (predicted) CAMTA1 
TargetScan Human Moderate (predicted) CBX5 
TargetScan Human Moderate (predicted) CCDC6 
TargetScan Human Moderate (predicted) CCDC88A 
TargetScan Human Moderate (predicted) CCNG1 
TargetScan Human Moderate (predicted) CDC42EP3 
TargetScan Human Moderate (predicted) CDH19 
TargetScan Human Moderate (predicted) CDS2 
TargetScan Human Moderate (predicted) CEP162 
TargetScan Human Moderate (predicted) CEP19 
TargetScan Human Moderate (predicted) CHRDL1 
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TargetScan Human Moderate (predicted) CHRNA2 
TargetScan Human Moderate (predicted) CLIP4 
TargetScan Human Moderate (predicted) CLN3 
TargetScan Human Moderate (predicted) CNDP2 
TargetScan Human Moderate (predicted) COA5 
TargetScan Human Moderate (predicted) COL4A3 
TargetScan Human Moderate (predicted) COL6A1 
TargetScan Human Moderate (predicted) CST8 
TargetScan Human Moderate (predicted) CXADR 
TargetScan Human Moderate (predicted) CXorf40A/CXorf40B 
TargetScan Human Moderate (predicted) DAAM1 
TargetScan Human Moderate (predicted) DACH1 
TargetScan Human Moderate (predicted) DDI1 
TargetScan Human Moderate (predicted) DHX37 
TargetScan Human Moderate (predicted) DIAPH3 
TargetScan Human Moderate (predicted) DOPEY2 
TargetScan Human Moderate (predicted) DSCC1 
TargetScan Human Moderate (predicted) DTL 
TargetScan Human Moderate (predicted) DYNC1I2 
TargetScan Human Moderate (predicted) E2F6 
TargetScan Human Moderate (predicted) ECT2 
TargetScan Human Moderate (predicted) EFCAB1 
TargetScan Human Moderate (predicted) EFCAB13 
TargetScan Human Moderate (predicted) EFCAB14 
TargetScan Human Moderate (predicted) EFCAB2 
TargetScan Human Moderate (predicted) EIF4EBP2 
TargetScan Human Moderate (predicted) ELK4 
TargetScan Human Moderate (predicted) ELMO1 
TargetScan Human Moderate (predicted) EMC1 
TargetScan Human Moderate (predicted) EMCN 
TargetScan Human Moderate (predicted) ENKUR 
TargetScan Human Moderate (predicted) EPHA3 
TargetScan Human Moderate (predicted) EPHA4 
TargetScan Human Moderate (predicted) EPM2A 
TargetScan Human Moderate (predicted) EPPIN-WFDC6 
TargetScan Human Moderate (predicted) ETF1 
TargetScan Human Moderate (predicted) ETS1 
TargetScan Human Moderate (predicted) EXOC6 
TargetScan Human Moderate (predicted) EXTL2 
TargetScan Human Moderate (predicted) EYA3 
TargetScan Human Moderate (predicted) FAM102A 
TargetScan Human Moderate (predicted) FAM105A 
TargetScan Human Moderate (predicted) FAM19A5 
TargetScan Human Moderate (predicted) FAM227B 
TargetScan Human Moderate (predicted) FAM65B 
TargetScan Human Moderate (predicted) FAM76B 
TargetScan Human Moderate (predicted) FANCF 
TargetScan Human Moderate (predicted) FBXL3 
TargetScan Human Moderate (predicted) FCRL1 
TargetScan Human Moderate (predicted) FECH 
TargetScan Human Moderate (predicted) FERMT1 
TargetScan Human Moderate (predicted) FERMT2 
TargetScan Human Moderate (predicted) FGF14 
TargetScan Human Moderate (predicted) FGF5 
TargetScan Human Moderate (predicted) FGL1 
TargetScan Human Moderate (predicted) FNDC3A 
TargetScan Human Moderate (predicted) FOXP2 
TargetScan Human Moderate (predicted) FOXRED2 
TargetScan Human Moderate (predicted) FRMD6 
TargetScan Human Moderate (predicted) G3BP2 
TargetScan Human Moderate (predicted) GANC 
TargetScan Human Moderate (predicted) GCSH 
TargetScan Human Moderate (predicted) GINS3 
TargetScan Human Moderate (predicted) GLTSCR1L 
TargetScan Human Moderate (predicted) GOLT1B 
TargetScan Human Moderate (predicted) GPX5 
TargetScan Human Moderate (predicted) GSTM3 
TargetScan Human Moderate (predicted) GTF2H5 
TargetScan Human Moderate (predicted) GUCY1A3 
TargetScan Human Moderate (predicted) GYS2 
TargetScan Human Moderate (predicted) HERC3 
TargetScan Human Moderate (predicted) HMG20A 
TargetScan Human Moderate (predicted) HPS5 
TargetScan Human Moderate (predicted) HTR5A 
TargetScan Human Moderate (predicted) HTR7 
TargetScan Human Moderate (predicted) IDS 
TargetScan Human Moderate (predicted) IL20RB 
TargetScan Human Moderate (predicted) IQCA1 
TargetScan Human Moderate (predicted) IRAK2 
TargetScan Human Moderate (predicted) KANK2 
TargetScan Human Moderate (predicted) KCNA1 
TargetScan Human Moderate (predicted) KCNA5 
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TargetScan Human Moderate (predicted) KCNJ2 
TargetScan Human Moderate (predicted) KCNS3 
TargetScan Human Moderate (predicted) KIF11 
TargetScan Human Moderate (predicted) KIF6 
TargetScan Human Moderate (predicted) KLHDC7B 
TargetScan Human Moderate (predicted) KLHL40 
TargetScan Human Moderate (predicted) KMT2A 
TargetScan Human Moderate (predicted) KRT20 
TargetScan Human Moderate (predicted) KRT222 
TargetScan Human Moderate (predicted) KRT6A 
TargetScan Human Moderate (predicted) KRTAP1-5 
TargetScan Human Moderate (predicted) LAMTOR3 
TargetScan Human Moderate (predicted) LCOR 
TargetScan Human Moderate (predicted) LHFPL3 
TargetScan Human Moderate (predicted) LHX9 
TargetScan Human Moderate (predicted) LILRA1 
TargetScan Human Moderate (predicted) LIN54 
TargetScan Human Moderate (predicted) LMO4 
TargetScan Human Moderate (predicted) LONP2 
TargetScan Human Moderate (predicted) LRFN5 
TargetScan Human Moderate (predicted) LRIT2 
TargetScan Human Moderate (predicted) LRSAM1 
TargetScan Human Moderate (predicted) MAGOHB 
TargetScan Human Moderate (predicted) MALT1 
TargetScan Human Moderate (predicted) MAP10 
TargetScan Human Moderate (predicted) MARCH8 
TargetScan Human Moderate (predicted) MARS2 
TargetScan Human Moderate (predicted) MAT2A 
TargetScan Human Moderate (predicted) MBNL3 
TargetScan Human Moderate (predicted) MCHR2 
TargetScan Human Moderate (predicted) METAP2 
TargetScan Human Moderate (predicted) MGAT4A 
TargetScan Human Moderate (predicted) MNT 
TargetScan Human Moderate (predicted) MOB3A 
TargetScan Human Moderate (predicted) MOBP 
TargetScan Human Moderate (predicted) MRI1 
TargetScan Human Moderate (predicted) MRPL22 
TargetScan Human Moderate (predicted) MSN 
TargetScan Human Moderate (predicted) MTRF1L 
TargetScan Human Moderate (predicted) MTTP 
TargetScan Human Moderate (predicted) MYCBP2 
TargetScan Human Moderate (predicted) MYEOV 
TargetScan Human Moderate (predicted) MYLIP 
TargetScan Human Moderate (predicted) MYOCD 
TargetScan Human Moderate (predicted) MYOZ3 
TargetScan Human Moderate (predicted) NACC2 
TargetScan Human Moderate (predicted) NAMPT 
TargetScan Human Moderate (predicted) NCAPG2 
TargetScan Human Moderate (predicted) NCAPH 
TargetScan Human Moderate (predicted) NDUFAF6 
TargetScan Human Moderate (predicted) NFRKB 
TargetScan Human Moderate (predicted) NIPAL3 
TargetScan Human Moderate (predicted) NLGN4Y 
TargetScan Human Moderate (predicted) NLRP3 
TargetScan Human Moderate (predicted) NOTCH2 
TargetScan Human Moderate (predicted) NPHP3 
TargetScan Human Moderate (predicted) NPHS1 
TargetScan Human Moderate (predicted) NPHS2 
TargetScan Human Moderate (predicted) NR2F2 
TargetScan Human Moderate (predicted) NREP 
TargetScan Human Moderate (predicted) NRXN1 
TargetScan Human Moderate (predicted) NT5C2 
TargetScan Human Moderate (predicted) NUP50 
TargetScan Human Moderate (predicted) OCLN 
TargetScan Human Moderate (predicted) ONECUT1 
TargetScan Human Moderate (predicted) OPRM1 
TargetScan Human Moderate (predicted) PAICS 
TargetScan Human Moderate (predicted) PARK2 
TargetScan Human Moderate (predicted) PARP8 
TargetScan Human Moderate (predicted) PARVA 
TargetScan Human Moderate (predicted) PAX8 
TargetScan Human Moderate (predicted) PAXBP1 
TargetScan Human Moderate (predicted) PBX3 
TargetScan Human Moderate (predicted) PCDHA1 
TargetScan Human Moderate (predicted) PCDHA10 
TargetScan Human Moderate (predicted) PCDHA11 
TargetScan Human Moderate (predicted) PCDHA12 
TargetScan Human Moderate (predicted) PCDHA13 
TargetScan Human Moderate (predicted) PCDHA2 
TargetScan Human Moderate (predicted) PCDHA3 
TargetScan Human Moderate (predicted) PCDHA4 
TargetScan Human Moderate (predicted) PCDHA5 
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TargetScan Human Moderate (predicted) PCDHA6 
TargetScan Human Moderate (predicted) PCDHA7 
TargetScan Human Moderate (predicted) PCDHA8 
TargetScan Human Moderate (predicted) PCDHA9 
TargetScan Human Moderate (predicted) PCDHAC1 
TargetScan Human Moderate (predicted) PCDHAC2 
TargetScan Human Moderate (predicted) PCDHB5 
TargetScan Human Moderate (predicted) PCNXL2 
TargetScan Human Moderate (predicted) PCTP 
TargetScan Human Moderate (predicted) PDE3B 
TargetScan Human Moderate (predicted) PEG3 
TargetScan Human Moderate (predicted) PER3 
TargetScan Human Moderate (predicted) PGAP1 
TargetScan Human Moderate (predicted) PGPEP1 
TargetScan Human Moderate (predicted) PHF19 
TargetScan Human Moderate (predicted) PIK3CA 
TargetScan Human Moderate (predicted) PIKFYVE 
TargetScan Human Moderate (predicted) PITPNM1 
TargetScan Human Moderate (predicted) PLCB1 
TargetScan Human Moderate (predicted) PLEK 
TargetScan Human Moderate (predicted) PLG 
TargetScan Human Moderate (predicted) POLD4 
TargetScan Human Moderate (predicted) POU2AF1 
TargetScan Human Moderate (predicted) PPM1E 
TargetScan Human Moderate (predicted) PRDM15 
TargetScan Human Moderate (predicted) PRELID2 
TargetScan Human Moderate (predicted) PRELP 
TargetScan Human Moderate (predicted) PRKAG2 
TargetScan Human Moderate (predicted) PRKAG3 
TargetScan Human Moderate (predicted) PROSC 
TargetScan Human Moderate (predicted) PRR27 
TargetScan Human Moderate (predicted) PTPRD 
TargetScan Human Moderate (predicted) PTPRK 
TargetScan Human Moderate (predicted) QRSL1 
TargetScan Human Moderate (predicted) QTRTD1 
TargetScan Human Moderate (predicted) RAB30 
TargetScan Human Moderate (predicted) RAB5B 
TargetScan Human Moderate (predicted) RASGEF1A 
TargetScan Human Moderate (predicted) RASGRF2 
TargetScan Human Moderate (predicted) RILP 
TargetScan Human Moderate (predicted) RIMBP2 
TargetScan Human Moderate (predicted) RNASE6 
TargetScan Human Moderate (predicted) RNF170 
TargetScan Human Moderate (predicted) RNF182 
TargetScan Human Moderate (predicted) RNF19B 
TargetScan Human Moderate (predicted) RNF4 
TargetScan Human Moderate (predicted) ROBO1 
TargetScan Human Moderate (predicted) ROCK1 
TargetScan Human Moderate (predicted) RRAGD 
TargetScan Human Moderate (predicted) RRN3 
TargetScan Human Moderate (predicted) RSBN1 
TargetScan Human Moderate (predicted) RUFY3 
TargetScan Human Moderate (predicted) RUFY4 
TargetScan Human Moderate (predicted) S100PBP 
TargetScan Human Moderate (predicted) SAA2 
TargetScan Human Moderate (predicted) SARNP 
TargetScan Human Moderate (predicted) SBNO1 
TargetScan Human Moderate (predicted) SCML2 
TargetScan Human Moderate (predicted) SCML4 
TargetScan Human Moderate (predicted) SCN1A 
TargetScan Human Moderate (predicted) SEH1L 
TargetScan Human Moderate (predicted) SEMA3A 
TargetScan Human Moderate (predicted) SERPIND1 
TargetScan Human Moderate (predicted) SETD3 
TargetScan Human Moderate (predicted) SGPP1 
TargetScan Human Moderate (predicted) SHISA7 
TargetScan Human Moderate (predicted) SHISA9 
TargetScan Human Moderate (predicted) SIK3 
TargetScan Human Moderate (predicted) SLC25A25 
TargetScan Human Moderate (predicted) SLC26A4 
TargetScan Human Moderate (predicted) SLC28A3 
TargetScan Human Moderate (predicted) SLC31A1 
TargetScan Human Moderate (predicted) SLC35G1 
TargetScan Human Moderate (predicted) SLC6A1 
TargetScan Human Moderate (predicted) SLC9A2 
TargetScan Human Moderate (predicted) SLF2 
TargetScan Human Moderate (predicted) SMCO1 
TargetScan Human Moderate (predicted) SOSTDC1 
TargetScan Human Moderate (predicted) SOX2 
TargetScan Human Moderate (predicted) SPCS2 
TargetScan Human Moderate (predicted) SPOCK2 
TargetScan Human Moderate (predicted) SSUH2 
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TargetScan Human Moderate (predicted) STC1 
TargetScan Human Moderate (predicted) SUCLG2 
TargetScan Human Moderate (predicted) SV2B 
TargetScan Human Moderate (predicted) SYAP1 
TargetScan Human Moderate (predicted) TANC1 
TargetScan Human Moderate (predicted) TBCK 
TargetScan Human Moderate (predicted) TBK1 
TargetScan Human Moderate (predicted) TCAF2 
TargetScan Human Moderate (predicted) TCAIM 
TargetScan Human Moderate (predicted) TCFL5 
TargetScan Human Moderate (predicted) TET1 
TargetScan Human Moderate (predicted) TF 
TargetScan Human Moderate (predicted) TFDP1 
TargetScan Human Moderate (predicted) TFDP3 
TargetScan Human Moderate (predicted) TFRC 
TargetScan Human Moderate (predicted) TGIF2LY 
TargetScan Human Moderate (predicted) TLR5 
TargetScan Human Moderate (predicted) TMEM33 
TargetScan Human Moderate (predicted) TNFRSF10B 
TargetScan Human Moderate (predicted) TNFSF10 
TargetScan Human Moderate (predicted) TOX3 
TargetScan Human Moderate (predicted) TRAK1 
TargetScan Human Moderate (predicted) TRDMT1 
TargetScan Human Moderate (predicted) TRIM34 
TargetScan Human Moderate (predicted) TRIM35 
TargetScan Human Moderate (predicted) TRIM6-TRIM34 
TargetScan Human Moderate (predicted) TRIM9 
TargetScan Human Moderate (predicted) TTC33 
TargetScan Human Moderate (predicted) TUBB1 
TargetScan Human Moderate (predicted) TUFT1 
TargetScan Human Moderate (predicted) TXLNA 
TargetScan Human Moderate (predicted) TXNL4A 
TargetScan Human Moderate (predicted) TXNRD1 
TargetScan Human Moderate (predicted) UBE4A 
TargetScan Human Moderate (predicted) UBR1 
TargetScan Human Moderate (predicted) UBTD2 
TargetScan Human Moderate (predicted) UBXN8 
TargetScan Human Moderate (predicted) UFL1 
TargetScan Human Moderate (predicted) UGDH 
TargetScan Human Moderate (predicted) UNC5B 
TargetScan Human Moderate (predicted) USH2A 
TargetScan Human Moderate (predicted) USP13 
TargetScan Human Moderate (predicted) USP48 
TargetScan Human Moderate (predicted) WDR44 
TargetScan Human Moderate (predicted) WLS 
TargetScan Human Moderate (predicted) XKR9 
TargetScan Human Moderate (predicted) YWHAB 
TargetScan Human Moderate (predicted) ZCCHC5 
TargetScan Human Moderate (predicted) ZCCHC7 
TargetScan Human Moderate (predicted) ZDHHC15 
TargetScan Human Moderate (predicted) ZDHHC2 
TargetScan Human Moderate (predicted) ZDHHC23 
TargetScan Human Moderate (predicted) ZEB2 
TargetScan Human Moderate (predicted) ZFYVE27 
TargetScan Human Moderate (predicted) ZKSCAN4 
TargetScan Human Moderate (predicted) ZNF107 
TargetScan Human Moderate (predicted) ZNF112 
TargetScan Human Moderate (predicted) ZNF143 
TargetScan Human Moderate (predicted) ZNF230 
TargetScan Human Moderate (predicted) ZNF385B 
TargetScan Human Moderate (predicted) ZNF714 
TargetScan Human Moderate (predicted) ZNF808 
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Table S3.1: KEGG_Pathways-miR34a 
KEGG_PATHWAY 
Gene 
Count 
p_value Genes 
rno05200:Pathways in cancer 43 0.00216 
E2F3, GNAI2, PGF, ADCY5, MITF, PPARG, NFKBIA, KITLG, LPAR2, BDKRB2, KIT, CCNE2, WNT1, RASGRP4, BCL2, TGFA, RARB, AXIN2, PLCB1, MYC, CSF1R, PIK3R2, RET, ROCK1, MAP2K1, CYCS, MET, SMAD4, TP53, FGF23, LEF1, CDK6, HGF, RALGDS, WNT2B, PRKCB, 
CCND1, HDAC1, PLCG1, VEGFA, WNT9B, PDGFRA, PDGFRB 
rno04144:Endocytosis 32 0.00539 CAV3, CHMP3, USP8, CHMP7, VPS37A, CYTH4, CXCR1, VPS37B, EPS15L1, EEA1, SNX4, VPS37D, PIP5K1A, KIT, SRC, VPS4A, NEDD4L, AGAP2, EHD4, CSF1R, PARD6B, IL2RB, RET, RAB4A, MET, PSD3, RAB11FIP4, NEDD4, PDGFRA, GRK6, EPN2, RNF41 
rno04151:PI3K-Akt signaling pathway 32 0.04826 PPP2R3A, PGF, PPP2R5A, ITGA10, KITLG, LPAR2, KIT, CCNE2, ITGB8, BCL2, CREB3L1, MYC, PIK3R2, CSF1R, IL2RB, MAP2K1, CREB1, MET, TP53, FGF23, CREB5, CDK6, HGF, IL6R, IRS1, COL5A2, CCND1, PRLR, VEGFA, PDGFRA, PDGFRB, RELN 
rno04015:Rap1 signaling pathway 30 0.00025 GNAI2, RAP1GAP, PGF, DRD2, ADCY5, SIPA1, CTNND1, KITLG, LPAR2, KIT, SRC, RRAS, PLCB1, PIK3R2, CSF1R, PARD6B, GNAO1, MAP2K1, MET, FGF23, HGF, RALGDS, FARP2, PRKCB, PRKD1, PLCG1, MAPK13, VEGFA, PDGFRA, PDGFRB 
rno05206:MicroRNAs in cancer 29 0.00000 E2F3, ZEB1, PDCD4, CCNE2, BCL2, BMF, MYC, RECK, ROCK1, MAP2K1, MET, TP53, CDK6, PRKCE, IRS1, SIRT1, CDC25A, PRKCB, NOTCH3, NOTCH2, CCND1, NOTCH1, PLCG1, VEGFA, PDGFRA, PDGFRB, MARCKS, MDM4, STMN1 
rno04010:MAPK signaling pathway 27 0.02432 PPM1A, PPP3R1, CACNB1, CACNB3, RASGRP4, MAPT, RRAS, MYC, MAP2K1, PTPRR, TP53, CACNG4, FGF23, CACNG2, CACNA2D2, PRKCB, DUSP4, MAP4K4, RPS6KA4, MAPK13, PDGFRA, PDGFRB, CACNA1E, STMN1, MAP3K14, DUSP8, PLA2G4D 
rno05205:Proteoglycans in cancer 24 0.00736 CAV3, ROCK1, MAP2K1, MET, TP53, HGF, PDCD4, SRC, WNT2B, PRKCB, WNT1, CCND1, PLCG1, ANK2, MAPK13, HPSE, ANK3, VEGFA, GAB1, WNT9B, RRAS, MYC, TWIST2, PIK3R2 
rno04014:Ras signaling pathway 24 0.03703 MAP2K1, PGF, MET, KITLG, FGF23, HGF, KIT, RALGDS, PRKCB, KSR2, PLCG1, RASGRP4, VEGFA, GAB1, PDGFRA, PLA2G6, RRAS, PDGFRB, KSR1, RASA4, PLA2G4D, PIK3R2, CSF1R, PLA2G2F 
rno04060:Cytokine-cytokine receptor interaction 23 0.03138 IL2RB, CCR1, IL21R, MET, KITLG, TNFSF14, CXCR1, EDAR, IL6R, HGF, KIT, CXCL11, CXCL10, ACVR2B, RELT, PRLR, IL10RB, CXCL16, VEGFA, PDGFRA, PDGFRB, THPO, CSF1R 
rno04921:Oxytocin signaling pathway 22 0.00232 GNAO1, GNAI2, ROCK1, MAP2K1, ADCY5, PRKAG1, PPP3R1, CACNB1, CACNG4, CACNB3, RCAN1, CACNG2, CACNA2D2, SRC, PRKCB, CCND1, EEF2K, GUCY1A3, NFATC4, PLCB1, PLA2G4D, PIK3R2 
rno04022:cGMP-PKG signaling pathway 21 0.00770 FXYD2, GNAI2, ROCK1, MAP2K1, ADCY5, CREB1, MRVI1, PPP3R1, CREB5, BDKRB2, ATP1A2, PRKCE, IRS1, KCNJ8, PLN, CREB3L1, GUCY1A3, NFATC4, PLCB1, ADRA1D, PIK3R2 
rno04919:Thyroid hormone signaling pathway 20 0.00021 FXYD2, MAP2K1, TP53, RCAN1, ATP1A2, SRC, PRKCB, NOTCH3, NOTCH2, SLC16A2, NCOA1, NOTCH1, CCND1, HDAC1, PLCG1, PLN, MED27, PLCB1, MYC, PIK3R2 
rno04071:Sphingolipid signaling pathway 20 0.00057 PPP2R3A, GNAI2, ROCK1, MAP2K1, SGPP1, PPP2R5A, TP53, CERS6, CERS5, BDKRB2, PRKCE, PRKCB, S1PR2, S1PR3, MAPK13, BCL2, SMPD1, MS4A2, PLCB1, PIK3R2 
rno04360:Axon guidance 20 0.00086 ABLIM1, GNAI2, EFNB3, ROCK1, ABLIM3, EFNB1, MET, NTN4, PPP3R1, FES, EPHB2, EPHA4, SEMA6A, SEMA4F, UNC5A, SEMA3E, SEMA4C, SEMA4B, NFATC4, SRGAP2 
rno04261:Adrenergic signaling in cardiomyocytes 20 0.00404 FXYD2, PPP2R3A, GNAI2, PPP2R5A, ADCY5, CREB1, CACNB1, CACNG4, CACNB3, CREB5, ATP1A2, CACNG2, CACNA2D2, MAPK13, PLN, BCL2, CREB3L1, PLCB1, ADRA1D, PIK3R2 
rno05161:Hepatitis B 18 0.01087 E2F3, MAP2K1, CREB1, CYCS, TP53, SMAD4, NFKBIA, CDK6, CREB5, SRC, PRKCB, CCNE2, IKBKE, BCL2, CREB3L1, NFATC4, MYC, PIK3R2 
rno04152:AMPK signaling pathway 17 0.00932 PPP2R3A, PFKFB3, PPP2R5A, CREB1, PRKAG1, PPARG, ADIPOR2, CREB5, CFTR, PFKM, SIRT1, IRS1, CCND1, HNF4A, EEF2K, CREB3L1, PIK3R2 
rno04310:Wnt signaling pathway 17 0.02536 TBL1XR1, TP53, PPP3R1, SMAD4, LEF1, DAAM1, PRKCB, WNT2B, WNT1, CCND1, DKK1, WNT9B, NFATC4, AXIN2, PLCB1, FOSL1, MYC 
rno04750:Inflammatory mediator regulation of TRP channels 16 0.00909 ADCY5, ASIC2, PRKCH, BDKRB2, PRKCE, SRC, PRKCB, PRKCQ, PLCG1, MAPK13, PLA2G6, PLCB1, HTR2C, PIK3R2, HTR2A, PLA2G4D 
rno04728:Dopaminergic synapse 16 0.02011 SCN1A, PPP2R3A, GNAO1, GNAI2, DRD2, PPP2R5A, SLC6A3, ADCY5, MAOA, CREB1, TH, CREB5, PRKCB, MAPK13, PLCB1, CLOCK 
rno05215:Prostate cancer 15 0.00164 E2F3, MAP2K1, CREB1, TP53, NFKBIA, LEF1, CREB5, CCNE2, CCND1, BCL2, PDGFRA, CREB3L1, PDGFRB, TGFA, PIK3R2 
rno04916:Melanogenesis 15 0.00616 GNAO1, MAP2K1, GNAI2, CREB1, ADCY5, MITF, LEF1, KITLG, KIT, PRKCB, WNT2B, WNT1, WNT9B, CREB3L1, PLCB1 
rno04070:Phosphatidylinositol signaling system 14 0.01162 SYNJ1, DGKI, PI4KB, PIP5K1A, TMEM55A, PRKCB, CDS2, DGKB, PLCG1, DGKZ, INPP5D, PLCB1, INPP5B, PIK3R2 
rno05231:Choline metabolism in cancer 14 0.01732 SLC44A2, MAP2K1, WASF1, DGKI, PIP5K1A, RALGDS, PRKCB, DGKB, PLCG1, PDGFRA, DGKZ, PDGFRB, PIK3R2, PLA2G4D 
rno04270:Vascular smooth muscle contraction 14 0.06558 ROCK1, MAP2K1, ADCY5, MRVI1, PRKCH, PRKCE, PRKCB, PRKCQ, PLA2G6, GUCY1A3, PLCB1, ADRA1D, PLA2G2F, PLA2G4D 
rno04722:Neurotrophin signaling pathway 14 0.08025 IRAK2, MAP2K1, NFKBIE, TP53, NFKBIA, IRS1, TP73, IRAK4, PLCG1, MAPK13, BCL2, GAB1, PIK3R2, ARHGDIB 
rno04110:Cell cycle 14 0.08422 FZR1, E2F3, E2F5, TP53, SMAD4, CDC23, CDK6, CDC25A, CDKN1C, CCNE2, CCND1, HDAC1, TFDP2, MYC 
rno04520:Adherens junction 13 0.00221 PTPRB, PTPRM, WASF1, MET, SMAD4, CTNND1, LEF1, SNAI1, SRC, FARP2, VCL, PVRL1, PVRL2 
rno04911:Insulin secretion 13 0.01197 FXYD2, STX1A, CREB1, ADCY5, CREB5, ATP1A2, PCLO, PRKCB, KCNN3, CREB3L1, VAMP2, PLCB1, GLP1R 
rno04540:Gap junction 13 0.01424 MAP2K1, GNAI2, DRD2, ADCY5, SRC, PRKCB, PDGFRA, PDGFRB, GUCY1A3, TUBB1, PLCB1, HTR2C, HTR2A 
rno05230:Central carbon metabolism in cancer 12 0.00326 RET, MAP2K1, MET, TP53, PDGFRA, HK1, PDGFRB, SIRT6, PFKM, KIT, MYC, PIK3R2 
rno05031:Amphetamine addiction 12 0.00326 STX1A, CREB1, ADCY5, MAOA, SLC6A3, TH, PPP3R1, CREB3L1, CREB5, FOSB, SIRT1, PRKCB 
rno05218:Melanoma 12 0.00591 CCND1, E2F3, MAP2K1, MET, MITF, TP53, PDGFRA, FGF23, PDGFRB, CDK6, HGF, PIK3R2 
rno05032:Morphine addiction 12 0.04372 OPRM1, GABRG3, PDE7B, GNAO1, GNAI2, GABRA3, ADCY5, PDE4B, GRK6, PDE11A, GABBR2, PRKCB 
rno04915:Estrogen signaling pathway 12 0.05656 OPRM1, GNAO1, GNAI2, MAP2K1, CREB1, ADCY5, CREB3L1, CREB5, GABBR2, PLCB1, SRC, PIK3R2 
rno05214:Glioma 11 0.00876 CCND1, E2F3, PLCG1, MAP2K1, TP53, PDGFRA, TGFA, PDGFRB, CDK6, PRKCB, PIK3R2 
rno05210:Colorectal cancer 11 0.00977 CCND1, MAP2K1, BCL2, CYCS, TP53, SMAD4, LEF1, AXIN2, MYC, RALGDS, PIK3R2 
rno04970:Salivary secretion 11 0.02552 FXYD2, LPO, NOS1, SLC12A2, ADCY5, GUCY1A3, VAMP2, ATP1A2, PLCB1, ADRA1D, PRKCB 
rno04917:Prolactin signaling pathway 11 0.02774 CCND1, PRLR, MAP2K1, MAPK13, LHCGR, TH, IRF1, SOCS7, SOCS4, SRC, PIK3R2 
rno05410:Hypertrophic cardiomyopathy (HCM) 11 0.04098 ACE, ITGB8, PRKAG1, DAG1, LMNA, CACNB1, ITGA10, CACNG4, CACNB3, CACNG2, CACNA2D2 
rno04925:Aldosterone synthesis and secretion 11 0.05428 PRKD1, CREB1, ADCY5, MC2R, NR4A2, CREB3L1, CREB5, PLCB1, PRKCE, KCNK3, PRKCB 
rno05414:Dilated cardiomyopathy 11 0.05428 ITGB8, PLN, ADCY5, DAG1, LMNA, CACNB1, ITGA10, CACNG4, CACNB3, CACNG2, CACNA2D2 
rno05222:Small cell lung cancer 11 0.06594 CCNE2, CCND1, E2F3, BCL2, CYCS, TP53, NFKBIA, CDK6, RARB, MYC, PIK3R2 
rno00564:Glycerophospholipid metabolism 11 0.09898 CDS2, GPD2, DGKB, PLA2G15, LPCAT1, LCLAT1, PLA2G6, DGKZ, DGKI, PLA2G2F, PLA2G4D 
rno05030:Cocaine addiction 10 0.00307 GNAI2, DRD2, CREB1, ADCY5, MAOA, SLC6A3, TH, CREB3L1, CREB5, FOSB 
rno05223:Non-small cell lung cancer 10 0.01164 CCND1, E2F3, PLCG1, MAP2K1, TP53, TGFA, CDK6, RARB, PRKCB, PIK3R2 
rno05212:Pancreatic cancer 10 0.02403 CCND1, E2F3, MAP2K1, VEGFA, TP53, SMAD4, TGFA, CDK6, RALGDS, PIK3R2 
rno04918:Thyroid hormone synthesis 10 0.03729 FXYD2, CREB1, ADCY5, GPX3, CREB3L1, CREB5, GPX8, ATP1A2, PLCB1, PRKCB 
rno04115:p53 signaling pathway 10 0.04044 CCNE2, EI24, CCND1, SERPINE1, CYCS, TP53, CDK6, MDM4, IGFBP3, TP73 
rno05412:Arrhythmogenic right ventricular cardiomyopathy 
(ARVC) 10 0.04728 ITGB8, DAG1, LMNA, CACNB1, LEF1, ITGA10, CACNG4, CACNB3, CACNG2, CACNA2D2 
rno05220:Chronic myeloid leukemia 10 0.06315 CCND1, E2F3, MAP2K1, HDAC1, TP53, SMAD4, NFKBIA, CDK6, MYC, PIK3R2 
rno05100:Bacterial invasion of epithelial cells 10 0.09266 CAV3, SEPT3, WASF1, MET, GAB1, SEPT6, SRC, ELMO1, VCL, PIK3R2 
rno04330:Notch signaling pathway 9 0.02167 NOTCH3, NOTCH2, NOTCH1, APH1A, HDAC1, DLL1, JAG1, NCOR2, NUMBL 
rno04370:VEGF signaling pathway 9 0.04631 PLCG1, MAP2K1, MAPK13, VEGFA, PPP3R1, SRC, PLA2G4D, PRKCB, PIK3R2 
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rno04730:Long-term depression 9 0.05453 CRHR1, GNAO1, NOS1, GNAI2, MAP2K1, GUCY1A3, PLCB1, PLA2G4D, PRKCB 
rno05216:Thyroid cancer 7 0.01129 CCND1, RET, MAP2K1, PPARG, TP53, LEF1, MYC 
rno05219:Bladder cancer 7 0.04411 CCND1, E2F3, MAP2K1, VEGFA, TP53, MYC, SRC 
rno04960:Aldosterone-regulated sodium reabsorption 7 0.05436 FXYD2, SCNN1G, NEDD4L, ATP1A2, IRS1, PRKCB, PIK3R2 
rno04320:Dorso-ventral axis formation 6 0.02332 NOTCH3, NOTCH2, NOTCH1, MAP2K1, CPEB2, CPEB3 
rno04710:Circadian rhythm 6 0.04755 CRY2, CREB1, PRKAG1, PER2, RORA, CLOCK 
 
Table S3.2: KEGG_Pathways-miR351 
KEGG_PATHWAY Gene 
Count 
p_value Genes 
rno01100:Metabolic pathways 104 0.02131 CYP24A1, CDIPT, IMPAD1, HMGCR, B3GALT4, ITPKB, PI4K2B, NMRK2, ACSS1, PGP, PIP5KL1, SCLY, MAT1A, DCTPP1, SGPL1, CYP1A1, TAT, LPCAT4, DLD, LCLAT1, ABAT, PLA2G2D, ENPP1, ACSBG2, PPT2, KMO, PPT1, CERS3, PPCDC, PPAT, TK2, QRSL1, THTPA, GALNS, ALDH4A1, B4GALT6, 
GCNT1, MOCS1, B4GALT1, MGAT4A, ST6GAL1, B4GAT1, ACER2, ACACB, GLYCTK, GGT7, MLYCD, GLS, AGXT2, ALG12, ALG13, COX11, PTGES2, ALG1, CYP11B2, MAN1B1, PIP5K1C, ANPEP, CDS2, GSS, ST6GALNAC6, PLCB3, NT5M, IPMK, NT5E, SARDH, ACADS, PIK3C2B, POLR1A, MAN1A1, 
LPIN2, PMM2, UGT2B17, DGAT1, H6PD, PANK1, RRM2, PLA2G5, BCAT1, SORD, GALNT7, FUT7, HK2, ATP5G2, PFAS, MTMR3, ALDH1A3, FUT4, FUT1, PAFAH1B1, UCK1, UCK2, TSTA3, MTMR6, BDH1, ACSL6, B4GALNT1, GALNT14, PLA2G16, NDUFA2, DGKQ, GANC, DPM2, ALOX5 
rno04010:MAPK signaling pathway 37 0.00002 FGFR2, FGF5, FGFR1, FGF14, FGF9, MKNK2, PPM1A, CACNB1, ELK1, PPP3R2, CACNB3, MAPKAPK2, SRF, MAP3K3, MAP3K1, TRAF6, MAP2K7, NFATC1, LAMTOR3, NTF4, TAOK1, TP53, RAF1, CACNG2, DUSP3, RPS6KA1, RASGRF2, MAPK12, RASGRF1, ARRB1, MAPK14, IKBKG, MAP3K13, 
DUSP7, CACNA1B, MAP3K11, DUSP6 
rno05200:Pathways in cancer 37 0.03796 FGFR2, FGF5, E2F2, FGFR1, ADCY1, E2F3, FGF14, FGF9, ERBB2, MMP2, PLCB3, CDKN2A, CDKN2B, BCL2, PIK3R5, TRAF6, APC, COL4A3, DVL3, TCF7, RET, ARHGEF1, PIK3CD, SMAD4, TP53, RAF1, SMAD2, CDK6, APPL1, STAT3, SMO, LAMA4, VEGFA, IKBKG, TCEB2, LAMC2, ABL1 
rno04151:PI3K-Akt signaling pathway 34 0.01823 FGFR2, FGFR1, FGF5, MCL1, FGF9, FGF14, EFNA2, PPP2R5C, ITGB3, EIF4EBP1, BCL2, PPP2CA, PIK3R5, PRKAA2, COL11A2, ANGPT2, EPO, PPP2R1B, COL4A3, IL2RB, CREB1, PIK3CD, TP53, RAF1, CDK6, IL6R, EPHA2, ITGA9, YWHAG, LAMA4, IKBKG, ITGA7, VEGFA, LAMC2 
rno04014:Ras signaling pathway 30 0.00071 FGFR2, FGF5, FGFR1, FGF9, FGF14, EFNA2, ELK1, RASAL2, RASAL1, REL, GAB2, RAPGEF5, PIK3R5, RASA3, ANGPT2, PLA2G16, PIK3CD, GRIN2A, RAF1, EPHA2, KSR2, RASGRF2, ETS1, RASGRF1, IKBKG, VEGFA, ABL1, ABL2, PLA2G2D, PLA2G5 
rno05206:MicroRNAs in cancer 28 0.00000 SLC45A3, CYP24A1, E2F2, E2F3, MCL1, ERBB3, ERBB2, DICER1, BMPR2, BCL2L2, ITGB3, TRIM71, BAK1, CDKN2A, BCL2, BMF, APC, TP53, RAF1, UBE2I, CDK6, CDC25A, STAT3, NOTCH2, SLC7A1, GLS, VEGFA, ABL1 
rno04144:Endocytosis 28 0.04340 FGFR2, USP8, ERBB4, CYTH1, ERBB3, PIP5K1C, VPS37B, ADRBK1, CYTH2, VPS37C, PIP5KL1, VPS4B, WIPF2, EHD1, TRAF6, IQSEC3, VPS36, IQSEC2, IL2RB, RET, SMAD2, CCR5, ARRB1, ARF3, IST1, RAB22A, SNX32, SMURF1 
rno04550:Signaling pathways regulating 
pluripotency of stem cells 
23 0.00014 FGFR2, FGFR1, DVL3, JARID2, PIK3CD, BMPR2, SMAD4, LIFR, RAF1, SMAD2, REST, STAT3, ACVR1C, LIF, MAPK12, ID2, ID1, MAPK14, PCGF6, PIK3R5, ID3, BMPR1B, APC 
rno04810:Regulation of actin cytoskeleton 22 0.05711 FGFR2, FGFR1, FGF5, VAV3, ARHGEF1, FGF9, FGF14, LIMK1, PPP1R12B, PIK3CD, RAF1, PIP5K1C, ITGB3, MYL9, ITGA9, PPP1CA, CHRM5, ITGA7, CYFIP2, PIK3R5, APC, PIP4K2B 
rno05169:Epstein-Barr virus infection 22 0.07728 PIK3CD, TP53, STAT3, HDAC5, YWHAG, CSNK2A1, PSMD13, MAPK12, IL10RA, BCL2, MAPK14, IFNG, IKBKG, HSPB2, PIK3R5, ENTPD3, TNFAIP3, TRAF6, ENTPD1, MAP2K7, PSMD7, NCOR2 
rno04261:Adrenergic signaling in 
cardiomyocytes 
20 0.00379 PPP2R1B, ADCY1, CREB1, PIK3CD, PPP2R5C, ATP1B4, CACNB1, CACNB2, CACNB3, CACNG2, PPP1CA, PLCB3, ATP2B3, MAPK12, BCL2, MAPK14, PPP2CA, SCN4B, PIK3R5, SCN5A 
rno05205:Proteoglycans in cancer 20 0.07283 FGFR1, ARHGEF1, ERBB4, ERBB3, ERBB2, PIK3CD, TP53, RAF1, ELK1, ITGB3, MMP2, STAT3, SMO, PPP1CA, MAPK12, MAPK14, VEGFA, HSPB2, PIK3R5, GPC1 
rno04921:Oxytocin signaling pathway 19 0.02024 ADCY1, PPP1R12B, PIK3CD, CACNB1, RAF1, CACNB2, PPP3R2, ELK1, CACNB3, CACNG2, KCNJ12, MYL9, PPP1CA, PLCB3, KCNJ9, NFATC4, PIK3R5, PRKAA2, NFATC1 
rno04141:Protein processing in 
endoplasmic reticulum 
19 0.02819 SEC31B, SYVN1, PDIA3, UBE2G1, MAN1B1, UBE2J1, MAN1A1, EDEM1, BAK1, ATXN3, BCL2, DNAJB2, SVIP, YOD1, SAR1B, MAP2K7, SSR2, SEL1L, SEC61A2 
rno04722:Neurotrophin signaling pathway 18 0.00415 NTF4, PIK3CD, TP53, RAF1, MAPKAPK2, TP73, MAPK12, MAP3K3, RPS6KA1, MAPK14, MAP3K1, BCL2, SORT1, SH2B3, PIK3R5, ABL1, TRAF6, MAP2K7 
rno05161:Hepatitis B 18 0.01030 MAVS, E2F2, E2F3, CREB1, PIK3CD, TP53, SMAD4, RAF1, ELK1, CDK6, STAT3, MYD88, MAP3K1, BCL2, IKBKG, NFATC4, PIK3R5, NFATC1 
rno04390:Hippo signaling pathway 18 0.02485 PPP2R1B, DVL3, TCF7, SMAD4, BMPR2, SMAD2, TP73, FRMD1, AJUBA, PPP1CA, YWHAG, ID2, BBC3, CRB2, ID1, PPP2CA, BMPR1B, APC 
rno04020:Calcium signaling pathway 18 0.09672 ADCY1, SLC8A2, ERBB4, ERBB3, ERBB2, TACR1, PHKA1, GRIN2A, PPP3R2, ITPKB, PPIF, P2RX4, P2RX7, CHRM5, PLCB3, ATP2B3, P2RX6, CACNA1B 
rno04022:cGMP-PKG signaling pathway 17 0.08817 ADCY1, SLC8A2, CREB1, PIK3CD, ATP1B4, RAF1, PPP3R2, SRF, MYL9, PPIF, MEF2D, PPP1CA, PLCB3, ATP2B3, NFATC4, PIK3R5, NFATC1 
rno04070:Phosphatidylinositol signaling 
system 
16 0.00164 IMPAD1, CDIPT, DGKQ, PIK3C2B, PIK3CD, PIP5K1C, ITPKB, PI4K2B, CDS2, MTMR3, PLCB3, PIK3R5, IP6K1, MTMR6, IPMK, PIP4K2B 
rno05145:Toxoplasmosis 16 0.01677 PIK3CD, STAT3, PPIF, LAMA4, MYD88, CCR5, MAPK12, IL10RA, MAPK14, BCL2, IFNG, IKBKG, LAMC2, PIK3R5, ALOX5, TRAF6 
rno05162:Measles 16 0.03160 MAVS, IL2RB, TACR1, PIK3CD, TP53, CDK6, STAT3, TP73, DOK1, MYD88, CSNK2A1, BBC3, IFNG, PIK3R5, TNFAIP3, TRAF6 
rno04310:Wnt signaling pathway 16 0.04658 DVL3, TCF7, VANGL1, VANGL2, TP53, SMAD4, PPP3R2, DAAM2, PORCN, GPC4, SFRP5, PLCB3, CSNK2A1, NFATC4, APC, NFATC1 
rno04071:Sphingolipid signaling pathway 15 0.03673 PPP2R1B, SGPL1, PLCB3, MAPK12, GAB2, BCL2, MAPK14, ACER2, PPP2CA, PPP2R5C, PIK3CD, TP53, RAF1, PIK3R5, CERS3 
rno05160:Hepatitis C 15 0.04615 MAVS, PPP2R1B, PPARA, PIK3CD, TP53, RAF1, STAT3, MAPK12, PPP2CA, MAPK14, IKBKG, IRF1, SCARB1, PIK3R5, TRAF6 
rno04360:Axon guidance 15 0.04615 PLXNA1, LIMK1, ABLIM3, EFNA2, PPP3R2, EPHA2, SEMA4F, EPHA8, SEMA4C, SEMA4B, NFATC4, SEMA4D, UNC5C, ABL1, SRGAP2 
rno05212:Pancreatic cancer 14 0.00022 E2F2, E2F3, ERBB2, PIK3CD, TP53, SMAD4, RAF1, CDK6, SMAD2, STAT3, CDKN2A, VEGFA, IKBKG, PIK3R5 
rno04350:TGF-beta signaling pathway 14 0.00397 PPP2R1B, SMAD4, BMPR2, SMAD2, ACVR1C, SP1, CDKN2B, ID2, ID1, PPP2CA, IFNG, ID3, SMURF1, BMPR1B 
rno04066:HIF-1 signaling pathway 14 0.02074 ERBB2, PIK3CD, MKNK2, HK2, IL6R, STAT3, EIF4EBP1, BCL2, VEGFA, IFNG, TCEB2, PIK3R5, ANGPT2, EPO 
rno00240:Pyrimidine metabolism 14 0.02563 PNPT1, POLR1A, TK2, NT5M, RRM2, TXNRD3, ENTPD3, UCK1, TXNRD1, UCK2, ENTPD4, ENTPD1, NT5E, DCTPP1 
rno04152:AMPK signaling pathway 14 0.07374 PPP2R1B, EIF4EBP1, AKT1S1, MLYCD, HMGCR, SCD, CREB1, PPP2CA, PPP2R5C, PIK3CD, ELAVL1, PIK3R5, PRKAA2, TBC1D1 
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rno04110:Cell cycle 14 0.08134 E2F2, E2F3, CDC14B, SMAD4, TP53, CDK6, SMAD2, CDC25A, YWHAG, CDKN2A, CDKN2B, ORC4, ABL1, ORC2 
rno00562:Inositol phosphate metabolism 13 0.00303 IMPAD1, CDIPT, PIK3C2B, PIK3CD, PIP5K1C, ITPKB, PI4K2B, MTMR3, PLCB3, PIP5KL1, MTMR6, IPMK, PIP4K2B 
rno05215:Prostate cancer 13 0.01147 FGFR2, E2F2, FGFR1, E2F3, TCF7, ERBB2, BCL2, CREB1, IKBKG, PIK3CD, TP53, RAF1, PIK3R5 
rno05222:Small cell lung cancer 13 0.01252 COL4A3, E2F2, E2F3, LAMA4, CDKN2B, BCL2, IKBKG, PIK3CD, TP53, PIK3R5, LAMC2, CDK6, TRAF6 
rno03015:mRNA surveillance pathway 13 0.01896 PPP2R1B, SMG5, PPP2R5C, SMG1, NXF1, PAPOLB, PPP1CA, PAPOLA, RBM8A, PPP2CA, MSI1, MAGOHB, CPSF6 
rno05142:Chagas disease (American 
trypanosomiasis) 
13 0.05287 PPP2R1B, ADCY1, PIK3CD, SMAD2, PLCB3, MYD88, MAPK12, PPP2CA, MAPK14, IKBKG, IFNG, PIK3R5, TRAF6 
rno05218:Melanoma 12 0.00566 FGF5, E2F2, FGFR1, E2F3, CDKN2A, FGF9, FGF14, PIK3CD, TP53, RAF1, PIK3R5, CDK6 
rno05220:Chronic myeloid leukemia 12 0.01060 E2F2, E2F3, CDKN2A, GAB2, PIK3CD, IKBKG, TP53, SMAD4, RAF1, PIK3R5, CDK6, ABL1 
rno04012:ErbB signaling pathway 12 0.03944 EIF4EBP1, NRG3, ERBB4, ERBB3, ERBB2, PIK3CD, RAF1, ELK1, PIK3R5, ABL1, ABL2, MAP2K7 
rno00564:Glycerophospholipid 
metabolism 
12 0.04818 CDS2, CDIPT, ACHE, PLA2G16, DGKQ, TAZ, LCLAT1, LYPLA2, LPIN2, PLA2G2D, LPCAT4, PLA2G5 
rno05230:Central carbon metabolism in 
cancer 
11 0.00940 FGFR2, SLC1A5, FGFR1, RET, ERBB2, GLS, PIK3CD, TP53, HK2, RAF1, PIK3R5 
rno05210:Colorectal cancer 10 0.02551 TCF7, BCL2, PIK3CD, TP53, SMAD4, RAF1, PIK3R5, SMAD2, APPL1, APC 
rno00510:N-Glycan biosynthesis 9 0.01499 B4GALT1, MGAT4A, ST6GAL1, ALG1, MAN1B1, DPM2, MAN1A1, ALG12, ALG13 
rno05223:Non-small cell lung cancer 9 0.03147 E2F2, E2F3, CDKN2A, ERBB2, PIK3CD, TP53, RAF1, PIK3R5, CDK6 
rno04520:Adherens junction 9 0.09387 PTPRB, FGFR1, TCF7, CSNK2A1, ERBB2, PVRL2, SMAD4, SMAD2, YES1 
rno00514:Other types of O-glycan 
biosynthesis 
8 0.00302 B4GALT1, ST6GAL1, FUT7, B3GALT4, B3GLCT, FUT4, POFUT2, LFNG 
rno05219:Bladder cancer 8 0.01357 E2F2, E2F3, CDKN2A, ERBB2, VEGFA, TP53, RAF1, MMP2 
rno05213:Endometrial cancer 8 0.05627 TCF7, ERBB2, PIK3CD, TP53, RAF1, ELK1, PIK3R5, APC 
rno05014:Amyotrophic lateral sclerosis 
(ALS) 
8 0.07210 TNFRSF1B, MAPK12, BCL2, MAPK14, TP53, GRIN2A, TOMM40, PPP3R2 
rno05340:Primary immunodeficiency 6 0.08104 DCLRE1C, CD8A, RFX5, TAP2, IKBKG, RFXANK 
Table S3.3: KEGG_Pathways-miR490* 
KEGG_PATHWAY Gene Count p_value Genes 
rno04921:Oxytocin signaling pathway 8 0.01574 PRKAG3, FOS, ROCK1, PRKAG2, PIK3CA, GUCY1A3, KCNJ2, PLCB1 
rno04014:Ras signaling pathway 8 0.08415 FGF5, RAB5B, RASGRF2, ETS1, TBK1, FGF14, HTR7, PIK3CA 
rno00230:Purine metabolism 7 0.07762 POLD4, ADSS, NT5C2, PDE3B, GUCY1A3, PDE8B, PAICS 
rno05146:Amoebiasis 6 0.03628 C8A, COL4A3, C9, RAB5B, PIK3CA, PLCB1 
rno04360:Axon guidance 6 0.05843 EPHA4, UNC5B, ROCK1, ROBO1, SEMA3A, EPHA3 
rno04924:Renin secretion 5 0.02372 PDE3B, GUCY1A3, KCNJ2, PLCB1, ADCYAP1 
rno04918:Thyroid hormone synthesis 5 0.02489 SLC26A4, ATP1B1, GPX5, PAX8, PLCB1 
rno05132:Salmonella infection 5 0.04669 RILP, FOS, ROCK1, TLR5, DYNC1I2 
rno04915:Estrogen signaling pathway 5 0.07202 OPRM1, FOS, PIK3CA, ESR2, PLCB1 
rno04922:Glucagon signaling pathway 5 0.08098 PRKAG3, PRKAG2, PDE3B, GYS2, PLCB1 
rno04710:Circadian rhythm 4 0.01258 PRKAG3, PRKAG2, PER3, FBXL3 
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Table S3.4: Comparison of KEGG_Pathways between all the miRs 
Name of KEGG_Pathway miR-34a miR-351 miR-490* 
rno04360:Axon guidance x x x 
rno04921:Oxytocin signaling pathway x x x 
rno04014:Ras signalling pathway x x x 
rno04918:Thyroid hormone synthesis x  x 
rno04710:Circadian rhythm x  x 
rno04915:Estrogen signaling pathway x  x 
rno05206:MicroRNAs in cancer x x  
rno04071:Sphingolipid signaling pathway x x  
rno05215:Prostate cancer x x  
rno05200:Pathways in cancer x x  
rno04520:Adherens junction x x  
rno05230:Central carbon metabolism in cancer x x  
rno04261:Adrenergic signaling in cardiomyocytes x x  
rno04144:Endocytosis x x  
rno05218:Melanoma x x  
rno05205:Proteoglycans in cancer x x  
rno04022:cGMP-PKG signaling pathway x x  
rno04152:AMPK signaling pathway x x  
rno05210:Colorectal cancer x x  
rno05161:Hepatitis B x x  
rno04070:Phosphatidylinositol signaling system x x  
rno05223:Non-small cell lung cancer x x  
rno05212:Pancreatic cancer x x  
rno04010:MAPK signaling pathway x x  
rno04310:Wnt signaling pathway x x  
rno05219:Bladder cancer x x  
rno04151:PI3K-Akt signaling pathway x x  
rno05220:Chronic myeloid leukemia x x  
rno05222:Small cell lung cancer x x  
rno04722:Neurotrophin signaling pathway x x  
rno04110:Cell cycle x x  
rno00564:Glycerophospholipid metabolism x x  
rno00230:Purine metabolism   x 
rno04924:Renin secretion   x 
rno05146:Amoebiasis   x 
rno05132:Salmonella infection   x 
rno04922:Glucagon signaling pathway   x 
rno04550:Signaling pathways regulating pluripotency of stem cells  x  
rno00514:Other types of O-glycan biosynthesis  x  
rno00562:Inositol phosphate metabolism  x  
rno04350:TGF-beta signaling pathway  x  
rno00510:N-Glycan biosynthesis  x  
rno05145:Toxoplasmosis  x  
rno03015:mRNA surveillance pathway  x  
rno04066:HIF-1 signaling pathway  x  
rno01100:Metabolic pathways  x  
rno04390:Hippo signaling pathway  x  
rno00240:Pyrimidine metabolism  x  
rno04141:Protein processing in endoplasmic reticulum  x  
rno05162:Measles  x  
rno04012:ErbB signaling pathway  x  
rno05160:Hepatitis C  x  
rno05142:Chagas disease (American trypanosomiasis)  x  
rno05213:Endometrial cancer  x  
rno04810:Regulation of actin cytoskeleton  x  
rno05014:Amyotrophic lateral sclerosis (ALS)  x  
rno05169:Epstein-Barr virus infection  x  
rno05340:Primary immunodeficiency  x  
rno04020:Calcium signaling pathway  x  
rno04919:Thyroid hormone signaling pathway x   
rno04015:Rap1 signaling pathway x   
rno05030:Cocaine addiction x   
rno05031:Amphetamine addiction x   
rno04916:Melanogenesis x   
rno05214:Glioma x   
rno04750:Inflammatory mediator regulation of TRP channels x   
rno05216:Thyroid cancer x   
rno04911:Insulin secretion x   
rno04540:Gap junction x   
rno05231:Choline metabolism in cancer x   
rno04728:Dopaminergic synapse x   
rno04330:Notch signaling pathway x   
rno04320:Dorso-ventral axis formation x   
rno04970:Salivary secretion x   
rno04917:Prolactin signaling pathway x   
rno04060:Cytokine-cytokine receptor interaction x   
rno04115:p53 signaling pathway x   
rno05410:Hypertrophic cardiomyopathy (HCM) x   
rno05032:Morphine addiction x   
rno04370:VEGF signaling pathway x   
rno05412:Arrhythmogenic right ventricular cardiomyopathy (ARVC) x   
rno04925:Aldosterone synthesis and secretion x   
rno05414:Dilated cardiomyopathy x   
rno04960:Aldosterone-regulated sodium reabsorption x   
rno04730:Long-term depression x   
rno04270:Vascular smooth muscle contraction x   
rno05100:Bacterial invasion of epithelial cells x   
 
 
 Table S4.1: GOTERMS_BP-miR34a 
Term Count % PValue Genes Fold Enrichment Bonferroni Benjamini FDR 
GO:0023051~regulation of signaling 302 22.14076246 3.83E-19 
SYT1, ADCY5, SNCA, LHCGR, SYT9, LPAR2, RORA, SIDT2, ITSN1, SHKBP1, S1PR2, DDX17, CRY2, GAB1, SERPINE1, CREB3L1, DAB2IP, STRN3, PTPRR, RAD9A, 
UBR1, RIC8B, PPARGC1B, FARP2, CRHR1, HNF4A, SERPINF2, VEGFA, MNT, PDGFRA, PDGFRB, ATPIF1, RALGPS2, PPP2R3A, RALGPS1, GCNT2, GNAI2, 
HOXA13, CRTC1, DAG1, NFKBIA, UBA5, BDKRB2, GPR143, MYT1, RIMS4, EPHB2, RIMS3, PEA15, TNKS, ASXL2, BMP3, GPR158, ARHGEF33, ABR, CAMLG, 
MAP2K1, IL1RN, SMAD4, MSTN, SKI, HGF, GAS1, EPHA4, NOTCH2, EI24, DLX1, NOTCH1, TRPS1, GRK6, TMOD2, RGS6, KLF4, BMP8B, OPRM1, CREBRF, 
LZTS2, GFAP, JPH3, HNF1A, CPEB3, PPARG, SHOC2, ZEB1, TKFC, MAPT, TGFA, GPHB5, MYC, AGAP2, ALS2CL, ARHGEF3, PGAP2, STX1A, FLOT2, TP53, 
CACNG4, CFTR, ARHGEF9, CACNG2, NFAM1, IL6R, MYADM, LRPAP1, INHBB, ZDHHC17, CCND1, MYRIP, MAP3K15, KSR2, SEMA4C, PLA2G6, MAP3K14, 
KSR1, CLOCK, ZMYND11, RAB3B, RAP1GAP, CCR1, FKBP1A, KIT, FKBP1B, NETO1, PLEKHG2, CCL22, XBP1, BCL2, LRRTM2, PER2, BCL6, BCL9L, RASA4, MLLT3, 
NOS1, AXL, LMNA, DGKI, MID1, TMPRSS6, SNAI1, TP73, CDH13, DUSP4, DKK1, NEUROD2, DGKZ, HTR2C, LRP4, TP53INP1, HTR2A, SLC44A2, KCNC3, SLC6A1, 
TNFSF14, ILDR1, JAG1, CXCL11, CALB1, CXCL10, NLRC5, WNT1, SLC16A1, PTGIS, MYOCD, ANK2, MDFIC, GATA3, RRAS, SPRED1, LGI1, RNF34, DISC1, PID1, 
RET, STMN3, PSD3, SIX3, FGF23, DLL1, SOCS4, IRS1, MAP4K4, UCN2, RELT, GPR55, TRIM32, AKAP6, RELN, VAMP2, GLP1R, CAV3, NETO2, SYVN1, DRD2, 
STRAP, SIPA1, ONECUT2, SOX4, SNX4, ULK4, GREM2, SRC, IRAK4, PEG10, AMER1, PPP1R16B, ECE1, TRIM67, OVOL2, RNF165, GRID2IP, AXIN2, BMF, FGD6, 
FGD3, CSF1R, DIXDC1, MYO1C, MET, ARPP19, NR4A2, CACNA2D2, TRIM62, FOXP1, CDKN1C, IKBKE, UACA, HDAC1, NEDD4, CDC42SE2, CACNA1E, NAT8L, 
BCAN, PDCD4, LGR4, SPRY3, PRMT2, RSPO1, HPSE, WWC3, LTF, PLCB1, CASP2, IRAK2, ANKS1A, CNTNAP4, PADI2, PRKCH, LEF1, PFKM, EDAR, DAPK2, PRKCE, 
ARHGAP26, PRKCB, PRKD1, MFN2, PRKCQ, ACVR2B, NCOA1, UBE2K, CNTN2, PSME3, FAIM2, KMT2D, CPLX2, RTN4RL1, CTNND2, CYTH4, PPM1A, CTNND1, 
KITLG, CALCA, SHISA7, MOAP1, TSPAN33, RASGRP4, MARVELD3, TOR1A, SYN2, NFATC4, INPP5D, THPO, PTPRD, DNM1L, NCDN, CREB1, TSPAN14, MAL, 
RCAN1, TMBIM1, SIRT1, WNT2B, RDH11, PPP1R9B, ATXN7, HEYL, SMPD1, IRF1, IRF4, IGFBP3, RNF41 
1.609079284 2.92E-15 2.92E-15 7.61E-16 
GO:0009893~positive regulation of 
metabolic process 354 25.95307918 2.13E-16 
PPP2R5A, SNCA, LHCGR, LPAR2, RORA, ITSN1, S1PR2, DDX17, GAB1, SERPINE1, CREB3L1, RARB, DAB2IP, STRN3, YY1, RAP1GDS1, HNF4G, MYH9, RIC8B, 
PPARGC1B, FARP2, CRHR1, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, MC2R, PDGFRA, PDGFRB, ATPIF1, NEK5, SUPT6H, SUCO, RALGPS2, PPP2R3A, GCNT2, 
RALGPS1, HOXA13, GNAI2, CRTC1, NFKBIA, MYT1, RIMS3, PLAGL1, ACE, LPCAT1, SERINC1, TNKS, HIP1, ASXL2, PLAG1, KLF6, UNC119, BMP3, ARHGEF33, 
ESRRA, ABR, MAP2K1, IL1RN, SMAD4, MSTN, SKI, OXSR1, HGF, USF1, FAM131B, KCNK3, NOTCH3, EPHA4, NOTCH1, NR1I2, CSRNP3, DCP1A, TRPS1, PKP4, 
RGS6, RBMXL1, MARCKS, AREG, FOXI1, TCF12, KLF4, NCOR2, BMP8B, CREBRF, OPRM1, HNF1A, CRNKL1, CPEB3, PPARG, MITF, ZEB1, NMUR1, TGFA, 
GUCY1A3, MKX, GPIHBP1, MYC, AGAP2, ALS2CL, ARHGEF3, ANP32B, RAB4A, TP53, ERLIN1, ARHGEF9, SPEN, NFAM1, IL6R, FOSB, ZCCHC17, MYCN, INHBB, 
CCND1, KSR2, MAP3K15, DNAJC24, CLIC5, SLC26A9, SEMA4C, WNT9B, PLA2G6, KSR1, NSD1, CLOCK, SRGAP2, RAP1GAP, CCR1, UNG, ATG13, HK1, FKBP1A, 
KIT, GCH1, PLEKHG2, CCL22, ACSL1, MPV17L2, XBP1, BCL2, BCL11B, CHM, BCL6, BCL9L, RASA4, ELMOD1, TBC1D2, NOS1, LMNA, MID1, ATMIN, BRAT1, 
TMPRSS6, SNAI1, TP73, SGTA, TRIM21, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, OBFC1, MEX3C, KDM8, NEUROD2, SVIP, HTR2C, TP53INP2, LRP4, HTR2A, 
TP53INP1, NCBP2, RNASEL, SLC6A1, SRCIN1, RASGEF1C, JAG1, CXCL11, CXCL10, NLRC5, WNT1, MYOCD, ATG5, ANK2, MDFIC, ANK3, GATA3, MS4A2, DISC1, 
SAMD4A, PID1, RET, SATB2, MTA2, SIX3, PSD3, FGF23, SOCS4, DLL1, GRHL2, IRS1, SGSM2, RELT, GPR55, TRIM32, CELF3, AKAP6, NFE2L1, RELN, NGB, CLIP3, 
GLP1R, CAMTA1, SNX9, FZR1, DRD2, SIPA1, ONECUT2, SOX4, LIN28A, SRC, NR2C2, OAZ2, SLX4, AMER1, PPP1R16B, ECE1, TRIM67, GMIP, OVOL2, ITGB8, 
TBC1D30, AXIN2, FGD6, FGD3, CSF1R, DIXDC1, MET, DOCK9, ARPP19, NR4A2, WHSC1, DOCK8, FOXP3, TRIM62, FOXP1, DOCK3, CORO1C, TBC1D25, 
CDKN1C, HSPBP1, UACA, AKTIP, HDAC1, NEDD4, GTF2F1, ZIC5, DNAJB2, DNAJB1, E2F3, ARID4A, PRKAG1, ARID4B, RHOQ, PEX3, PIP5K1A, CBFA2T3, LGR4, 
TMEM173, MAZ, PRMT2, RSPO1, PAX7, ARHGAP1, RTF1, LTF, LRRFIP1, PLCB1, FOSL1, IRAK2, TBL1XR1, KDM7A, CCDC88A, FOXJ2, NOS1AP, CYCS, CHST3, 
PADI2, PRKCH, LEF1, CDK6, EDAR, PRKCE, DDN, ARHGAP26, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, DGAT1, PSME1, UBE2K, ATG4B, CNTN2, MYRF, 
PSME3, TREM1, CUX1, CALCR, ABLIM1, KMT2D, APH1A, ABLIM3, CYTH4, PPP3R1, PPM1A, CTNND1, KITLG, CTCFL, CALCOCO2, CALCA, CALCB, RGMB, 
ARHGAP44, RASGRP4, POU2F1, CHD1, NFATC4, NEDD4L, PAFAH1B2, TNRC6B, EHD4, PIK3R2, THPO, GNAO1, CREB1, MAP1A, CREB5, SIRT1, ATXN7L3, 
RALGDS, PRLR, ATXN7, HEYL, SMPD1, IRF1, KDM4C, IRF4, EVI5L, IGFBP3, RNF41 
1.47705134 1.69E-12 8.47E-13 4.44E-13 
GO:0051128~regulation of cellular 
component organization 256 18.76832845 6.65E-15 
DYNC1LI1, SYT1, CHMP3, PPP2R5A, ADCY5, SNCA, CD47, RAB29, SERPINE1, VPS4A, LRRC7, RAB21, DBNL, DAB2IP, GBP5, ROCK1, MYH9, FARP2, OGFOD1, 
UHRF2, HNF4A, SERPINF2, VEGFA, SURF4, PDGFRB, ATPIF1, ADD2, SUPT6H, ALDOA, GCNT2, HOXA13, CRTC1, DAG1, GPR143, RIMS3, EPHB2, ACE, PVRL1, 
CDA, NAT10, TNKS, HIP1, ASXL2, UNC119, ABR, MAP2K1, SMAD4, MSTN, CDC23, HGF, GAS1, KCNK3, FAM131B, SEMA6A, EPHA4, EI24, NOTCH1, TRPS1, 
TMOD2, MARCKS, KLF4, ARSB, GFAP, LIMA1, HNF1A, CRNKL1, CPEB3, WASF1, PPARG, SYNJ1, MITF, VPS37B, XYLT1, NMUR1, MAPT, SEMA3E, ANP32A, 
EEF2K, TGFA, MYC, FMNL3, STX1A, ZDHHC8, RAB4A, TP53, MYADM, ZCCHC17, ANKRD23, SEMA4F, PLEKHH2, SEMA4C, WNT9B, PLA2G6, SEMA4B, NSD1, 
PARVA, RAP1GAP, ATG13, PPFIA1, HK1, KIT, FKBP1B, MPV17L2, FAT3, XBP1, BCL2, LRRTM2, BCL6, BCL9L, AGO4, LYPLAL1, ACSL4, TLX2, ELMOD1, TBC1D2, 
CAPN6, CNST, NOS1, SWAP70, AXL, LMNA, LRRC46, MID1, MARCH5, SNAI1, CDH13, RPS6KA4, PHF19, DKK1, OBFC1, MEX3C, NEUROD2, SVIP, ADGRL1, 
LRP4, SRCIN1, SLC6A1, TNFSF14, CXCL10, WNT1, ATG5, MYOCD, ANK3, GATA3, TBC1D13, LGI1, SAR1A, DISC1, PID1, RET, STMN3, DLL1, CDKL2, TBC1D22A, 
NUMBL, MAP4K4, SLITRK4, TRIM32, AKAP6, RELN, STMN1, CLIP3, MAP6D1, CAV3, FXYD2, SNX9, FZR1, DRD2, STRAP, ULK4, LMAN1, SRC, NR2C2, SLX4, 
TRIM67, OVOL2, GMIP, CNOT6L, AXIN2, TBC1D30, STK38L, BMF, CSF1R, DIXDC1, ZMYM4, MYO1C, PODXL, MET, FOXP3, TRIM62, CORO1C, TBC1D25, 
CDC42SE2, NEDD4, CXCL16, DNAJB2, DNAJB1, RHOJ, DPH6, RHOQ, PEX3, FES, SPICE1, MBP, WISP2, RSPO1, TRIM9, PAX7, CAMSAP1, RTF1, PLCB1, FOSL1, 
CCDC88A, ADIPOR2, CHST3, PRKCH, PADI2, LEF1, PRKCE, VAT1, PRKD1, PRKCQ, TPPP, CNTN2, TREM1, CUX1, EPN2, ABLIM3, PPM1A, CTCFL, CALCOCO2, 
CALCB, MOAP1, FAM107A, TOR1A, PALM2, NFATC4, NEDD4L, EHD4, SYNPO, PIK3R2, INF2, PTPRD, DNM1L, MAP1A, CREB1, ASIC2, TMBIM1, SIRT1, GMFB, 
PPP1R9B, RPL13A, KCNN3, KDM4C, EVI5L, IGFBP3 
1.585599391 5.08E-11 1.69E-11 1.32E-11 
GO:0009966~regulation of signal 
transduction 254 18.62170088 3.35E-14 
SNCA, LHCGR, LPAR2, RORA, ITSN1, SHKBP1, DDX17, CRY2, GAB1, SERPINE1, CREB3L1, DAB2IP, STRN3, PTPRR, RAD9A, UBR1, RIC8B, PPARGC1B, FARP2, 
HNF4A, SERPINF2, VEGFA, MNT, PDGFRA, PDGFRB, ATPIF1, RALGPS2, PPP2R3A, RALGPS1, GCNT2, GNAI2, HOXA13, DAG1, NFKBIA, UBA5, BDKRB2, 
GPR143, PEA15, TNKS, ASXL2, BMP3, GPR158, ARHGEF33, ABR, MAP2K1, IL1RN, SMAD4, MSTN, SKI, HGF, GAS1, EPHA4, NOTCH2, EI24, DLX1, NOTCH1, 
TRPS1, TMOD2, RGS6, GRK6, KLF4, BMP8B, OPRM1, CREBRF, LZTS2, HNF1A, PPARG, SHOC2, ZEB1, TKFC, TGFA, GPHB5, AGAP2, MYC, ALS2CL, ARHGEF3, 
PGAP2, FLOT2, TP53, CACNG4, ARHGEF9, NFAM1, IL6R, CACNG2, MYADM, LRPAP1, INHBB, ZDHHC17, CCND1, MAP3K15, KSR2, SEMA4C, PLA2G6, KSR1, 
MAP3K14, CLOCK, ZMYND11, RAP1GAP, CCR1, FKBP1A, KIT, CCL22, PLEKHG2, XBP1, BCL2, BCL6, BCL9L, RASA4, MLLT3, NOS1, AXL, LMNA, DGKI, MID1, 
TMPRSS6, SNAI1, TP73, CDH13, DUSP4, DKK1, NEUROD2, DGKZ, HTR2C, LRP4, TP53INP1, HTR2A, SLC44A2, TNFSF14, JAG1, CXCL11, CXCL10, NLRC5, WNT1, 
PTGIS, MYOCD, MDFIC, GATA3, RRAS, SPRED1, RNF34, DISC1, PID1, RET, STMN3, PSD3, SIX3, FGF23, DLL1, SOCS4, IRS1, MAP4K4, GPR55, RELT, TRIM32, 
AKAP6, RELN, NETO2, CAV3, SYVN1, DRD2, STRAP, SIPA1, ONECUT2, SOX4, ULK4, GREM2, SRC, IRAK4, AMER1, PEG10, PPP1R16B, ECE1, TRIM67, OVOL2, 
RNF165, AXIN2, BMF, FGD6, FGD3, CSF1R, DIXDC1, MYO1C, MET, ARPP19, NR4A2, TRIM62, FOXP1, CDKN1C, IKBKE, UACA, HDAC1, CDC42SE2, NEDD4, 
PDCD4, LGR4, SPRY3, PRMT2, RSPO1, HPSE, WWC3, LTF, PLCB1, CASP2, IRAK2, ANKS1A, PRKCH, PADI2, LEF1, EDAR, DAPK2, PRKCE, ARHGAP26, PRKCB, 
PRKD1, MFN2, PRKCQ, ACVR2B, NCOA1, UBE2K, CNTN2, PSME3, FAIM2, KMT2D, RTN4RL1, CTNND2, CYTH4, PPM1A, CTNND1, KITLG, CALCA, MOAP1, 
TSPAN33, RASGRP4, MARVELD3, NFATC4, INPP5D, THPO, PTPRD, DNM1L, TSPAN14, MAL, RCAN1, TMBIM1, SIRT1, WNT2B, RDH11, PPP1R9B, ATXN7, 
HEYL, SMPD1, IRF1, IRF4, IGFBP3, RNF41 
1.567863109 2.56E-10 6.40E-11 6.66E-11 
 181 
GO:0051049~regulation of transport 201 14.73607038 8.07E-13 
CTTNBP2NL, CALHM1, SYT1, CHMP3, VTCN1, ADCY5, LHCGR, SNCA, SYT9, SIDT2, CD47, CRY2, RAB29, SERPINE1, VPS4A, RAB21, DAB2IP, SCN2B, PCLO, 
CRHR1, HNF4A, VEGFA, PDGFRB, STC1, ATPIF1, SUPT6H, SCN1A, GNAI2, CACNB1, NFKBIA, CACNB3, GPR143, MYT1, RIMS4, RIMS3, PEA15, ACE, GOLPH3L, 
SLC31A2, HIP1, UNC119, ABR, MAP2K1, IL1RN, PTPN14, SMAD4, OXSR1, GAS1, NOTCH1, KCNJ8, GRK6, MARCKS, OPRM1, CREBRF, JPH3, GFAP, HNF1A, 
PPARG, SYNJ1, VPS37B, TMEM109, NMUR1, MAPT, EEF2K, MYC, KDELR3, STX1A, ANP32B, RAB4A, ZDHHC8, CACNG4, CFTR, CACNG2, INHBB, MYRIP, GRM7, 
CLIC5, PLA2G6, KCNH7, CLOCK, RAB3B, RAP1GAP, CCR1, ATG13, HK1, FKBP1A, FKBP1B, TPCN2, BEST1, XBP1, BCL2, LRRTM2, PER2, LYPLAL1, ACSL4, 
ELMOD1, NOS1, CNST, AXL, LRRC46, ATP1A2, CDH13, DKK1, PLN, SVIP, HTR2C, HTR2A, NCBP2, RNASEL, KCNC3, SRCIN1, SLC6A1, XPO4, TNFSF14, ILDR1, 
CXCL11, CXCL10, SLC16A1, ATG5, ANK2, ANK3, MDFIC, GATA3, PDE4B, MS4A2, LGI3, SLC25A27, SAR1A, PID1, FGF23, DLL1, PKIA, IRS1, CDKL2, MAP4K4, 
UCN2, AKAP6, RELN, VAMP2, CLIP3, GLP1R, NETO2, CAV3, FXYD2, DRD2, KCNA2, SOX4, SNX4, SRC, OAZ2, KCNS2, SLC30A3, AXIN2, HCN3, CSF1R, MYO1C, 
MET, FOXP3, CACNA2D2, FOXP1, UACA, PLCG1, HDAC1, NEDD4, CACNA1E, NAT8L, DPH6, RHOQ, FES, LGR4, TMEM173, KCNQ3, RSPO1, TRIM9, PLCB1, 
NOS1AP, ADIPOR2, PFKM, EDAR, PRKCE, PRKCB, PRKD1, PRKCQ, EPN2, ABLIM3, PPM1A, PPP3R1, CALCA, TOR1A, SYN2, NEDD4L, PIK3R2, EHD4, GNAO1, 
DNM1L, CREB1, ASIC2, SIRT6, SIRT1, KCNN3, SCN4A 
1.633683253 6.16E-09 1.23E-09 1.60E-09 
GO:0048468~cell development 235 17.228739 1.10E-12 
SYT1, ADCY5, FGFRL1, SIDT2, HOOK3, S1PR2, S1PR3, BRINP1, RAB29, MED27, RARB, LRRC7, RAB21, DBNL, DAB2IP, PTPRM, ROCK1, EFNB3, EFNB1, ZHX2, 
MYH9, FARP2, VSIG1, FOXG1, VEGFA, PDGFRA, PDGFRB, TGIF2, STC1, GCNT2, HOXA13, TDRD6, CRTC1, TFCP2L1, DAG1, NRN1, EPHB2, CALU, ALCAM, ACE, 
PVRL1, PVRL2, PLAG1, BMP3, MAP2K1, SMAD4, MSTN, SKI, HGF, GAS1, NOTCH3, EPHA4, SEMA6A, DLX1, NOTCH1, TRPS1, TMOD2, RGS6, MARCKS, AREG, 
TCF12, KLF4, BMP8B, NRP2, OPRM1, ARSB, GFAP, CPEB3, PPARG, SYNJ1, ZEB1, XYLT1, MAPT, SEMA3E, ANP32A, EEF2K, MYC, TP53, CFTR, COL25A1, SPEN, 
MYADM, MYCN, INHBB, ANKRD23, SEMA4F, CLIC5, SEMA4C, WNT9B, SEMA4B, MAP3K14, CLOCK, PARVA, SRGAP2, CLDN18, RAP1GAP, TH, KIT, FKBP1B, 
FAT3, XBP1, FAT4, SPEG, BCL2, BCL11B, PER2, SLC4A7, BCL6, BCL9L, ACSL4, TLX2, NOS1, AXL, LMNA, AFF4, TNP1, SNAI1, RAPH1, TP73, PHF19, DKK1, 
MEX3C, NEUROD2, GFRA1, TMTC3, LRP4, SRCIN1, JAG1, VCL, GP5, ATG5, ANK2, MYOCD, UNC5A, ANK3, GATA3, LRRC55, LGI1, DISC1, FNDC3B, RBFOX2, 
RET, SATB2, STMN3, SIX3, DLL1, GRHL2, NUMBL, MAP4K4, SLITRK4, TRIM32, AKAP6, RELN, NGB, STMN1, CAV3, STRAP, DRD2, PEAK1, ONECUT2, SOX4, 
ULK4, LIN28A, SRC, PPP1R16B, TRIM67, OVOL2, RNF165, AXIN2, TMEM79, CSF1R, DIXDC1, MUC2, PODXL, MET, NTN4, NR4A2, CACNA2D2, TRIM62, FOXP1, 
CORO1C, CDKN1C, HDAC1, NEDD4, ADAM22, ARID4A, ARID4B, FES, UQCRQ, MBP, SPRY3, PRMT2, KCNQ3, RTF1, CAMSAP1, CNTNAP2, CNTNAP1, CASP2, 
CCDC88A, NOS1AP, CHST3, PRKCH, LEF1, CDK6, BBS1, PRKD1, NCOA1, XIRP1, CNTN2, MYRF, JMJD1C, CUX1, ABLIM1, KMT2D, CTNND2, PPP3R1, KITLG, 
NPTX1, TOR1A, NFATC4, NEDD4L, DCX, PTPRD, GNAO1, NCDN, AKIP1, CREB1, DPYSL4, SIRT6, RCAN1, SIRT1, PPP1R9B, MYPN, HEYL, KDM4C 
1.553581916 8.38E-09 1.40E-09 2.18E-09 
GO:0048699~generation of neurons 173 12.68328446 2.36E-12 
SYT1, SRCIN1, ADCY5, RORA, JAG1, HOOK3, VCL, WNT1, GP5, BRINP1, OLIG3, UNC5A, ANK3, GATA3, RAB29, RARB, LRRC55, LGI1, DISC1, RAB21, LRRC7, 
DBNL, RBFOX2, SATB2, RET, DAB2IP, PTPRM, STMN3, EFNB3, EFNB1, PTPRR, ZHX2, SIX3, DLL1, FARP2, NUMBL, MAP4K4, SLITRK4, NAV1, TRIM32, FOXG1, 
VEGFA, TGIF2, RELN, NGB, STMN1, PPP2R3A, DRD2, CRTC1, ONECUT2, DAG1, SOX4, ULK4, LIN28A, NRN1, CALU, EPHB2, ALCAM, ACE, TRIM67, PVRL1, 
RNF165, CSF1R, PLAG1, DIXDC1, MAP2K1, MET, NR4A2, SMAD4, NTN4, SKI, HGF, GAS1, FOXP1, NOTCH3, CDKN1C, EPHA4, SEMA6A, DLX1, NOTCH1, 
HDAC1, NEDD4, RGS6, MARCKS, AREG, TCF12, KLF4, NRP2, ARSB, OPRM1, GFAP, CPEB3, PPARG, SYNJ1, ZEB1, FES, UQCRQ, MBP, SPRY3, XYLT1, PEX2, 
MAPT, PAX7, CAMSAP1, SEMA3E, ANP32A, EEF2K, CNTNAP2, CNTNAP1, MYC, CCDC88A, NOS1AP, SDK2, TP53, CHST3, PRKCH, LEF1, COL25A1, SPEN, 
MYCN, BBS1, PRKD1, PRKCQ, NCOA1, SEMA4F, CLIC5, CNTN2, WNT9B, SEMA4C, SEMA4B, CUX1, MAP3K14, FAIM2, SRGAP2, ABLIM1, RAP1GAP, TH, 
CTNND2, KIT, FKBP1B, NPTX1, FAT3, XBP1, FAT4, BCL2, BCL11B, TOR1A, PER2, SLC4A7, BCL6, NFATC4, NEDD4L, DCX, ACSL4, TLX2, PTPRD, NOS1, GNAO1, 
NCDN, CREB1, AXL, DPYSL4, RAPH1, SIRT1, TP73, WNT2B, PPP1R9B, DKK1, HEYL, NEUROD2, KDM4C, GFRA1, LRP4 
1.693201148 1.80E-08 2.58E-09 4.70E-09 
GO:0022008~neurogenesis 182 13.3431085 4.64E-12 
SYT1, SRCIN1, ADCY5, RORA, JAG1, HOOK3, VCL, WNT1, GP5, BRINP1, OLIG3, UNC5A, ANK3, RAB29, GATA3, RARB, LRRC55, LGI1, DISC1, RAB21, LRRC7, 
DBNL, RBFOX2, SATB2, RET, DAB2IP, PTPRM, STMN3, EFNB3, EFNB1, PTPRR, SIX3, ZHX2, SOCS7, DLL1, NUMBL, FARP2, MAP4K4, SLITRK4, NAV1, VEGFA, 
TRIM32, FOXG1, PDGFRA, TGIF2, RELN, NGB, STMN1, PPP2R3A, DRD2, CRTC1, ONECUT2, DAG1, SOX4, ULK4, LIN28A, NRN1, CALU, EPHB2, ALCAM, ACE, 
TRIM67, PVRL1, RNF165, CSF1R, PLAG1, DIXDC1, MAP2K1, MET, NR4A2, SMAD4, NTN4, ROGDI, SKI, HGF, GAS1, FOXP1, NOTCH3, CDKN1C, EPHA4, 
SEMA6A, DLX1, NOTCH1, HDAC1, NEDD4, RGS6, MARCKS, AREG, ADAM22, TCF12, KLF4, NRP2, ARSB, OPRM1, GFAP, CPEB3, PPARG, SYNJ1, NAP1L1, ZEB1, 
FES, UQCRQ, MBP, SPRY3, KCNQ3, XYLT1, PEX2, MAPT, PAX7, CAMSAP1, SEMA3E, ANP32A, EEF2K, CNTNAP2, CNTNAP1, MYC, CCDC88A, NOS1AP, SDK2, 
TP53, CHST3, PRKCH, LEF1, CDK6, COL25A1, SPEN, MYCN, BBS1, PRKD1, PRKCQ, NCOA1, SEMA4F, CLIC5, CNTN2, WNT9B, SEMA4C, MYRF, SEMA4B, CUX1, 
MAP3K14, FAIM2, SRGAP2, ABLIM1, RAP1GAP, TH, CTNND2, PPP3R1, KIT, FKBP1B, NPTX1, FAT3, XBP1, FAT4, BCL2, BCL11B, TOR1A, PER2, SLC4A7, BCL6, 
NFATC4, NEDD4L, DCX, ACSL4, TLX2, PTPRD, NOS1, GNAO1, NCDN, CREB1, AXL, DPYSL4, RAPH1, SIRT1, TP73, WNT2B, PPP1R9B, DKK1, HEYL, NEUROD2, 
KDM4C, GFRA1, LRP4 
1.653176703 3.54E-08 4.43E-09 9.22E-09 
GO:0007399~nervous system 
development 
237 17.37536657 4.79E-12 
SYT1, LDHA, ADCY5, LHCGR, RORA, HOOK3, BRINP1, RAB29, RARB, LRRC7, RAB21, INA, DBNL, DAB2IP, PTPRM, SCN2B, EFNB3, EFNB1, PTPRR, ZHX2, BSN, 
PCLO, FARP2, CRHR1, NAV1, NAV2, FOXG1, VEGFA, PDGFRA, TGIF2, PPP2R3A, PFKFB3, CRTC1, HMGCS1, DAG1, NRN1, EPHB2, CALU, ALCAM, TAL2, ACE, 
PVRL1, PLAG1, ABR, MAP2K1, SMAD4, ROGDI, SKI, HGF, GAS1, KCNK3, NOTCH3, EPHA4, SEMA6A, DLX1, NOTCH1, RGS6, MARCKS, AREG, TCF12, KLF4, 
NCOR2, NRP2, OPRM1, ARSB, GFAP, CRNKL1, CPEB3, GLRA3, PPARG, SYNJ1, NAP1L1, ZEB1, XYLT1, MAPT, SEMA3E, ANP32A, EEF2K, MYC, ANP32B, SDK2, 
TP53, COL25A1, SPEN, MYCN, INHBB, SEMA4F, CLIC5, SEMA4C, WNT9B, SEMA4B, MAP3K14, SRGAP2, FUT9, RAP1GAP, CCR1, TH, KIT, FKBP1B, FAT3, XBP1, 
FAT4, BCL2, LRRTM2, BCL11B, PER2, SLC4A7, BCL6, ACSL4, TLX2, NOS1, AXL, RAPH1, TP73, DKK1, NEUROD2, GFRA1, ADGRL1, LRP4, SRCIN1, SLC6A3, JAG1, 
VCL, WNT1, GP5, ANK2, OLIG3, UNC5A, ANK3, GATA3, SMIM3, LRRC55, LGI1, DISC1, RBFOX2, RET, SATB2, STMN3, SIX3, SOCS7, DLL1, GRHL2, NUMBL, 
MAP4K4, SLITRK4, TRIM32, RELN, NGB, STMN1, DRD2, KCNA2, ONECUT2, SOX4, LRIG1, ULK4, LIN28A, NR2C2, SRC, TRIM67, OVOL2, SBK1, RNF165, CSF1R, 
DIXDC1, B4GALT2, MET, NTN4, NR4A2, AK3, AK4, SLC6A17, FOXP1, FOXP2, CDKN1C, HDAC1, NEDD4, ZIC5, ADAM22, SLC5A3, NDST1, BCAN, FES, UQCRQ, 
MBP, SPRY3, KCNQ3, PEX2, PAX7, CAMSAP1, DLG3, CNTNAP2, CNTNAP1, PLCB1, CASP2, CABLES1, CCDC88A, NRXN2, NOS1AP, CHST3, PRKCH, PADI2, LEF1, 
CDK6, BBS1, PRKD1, PRKCQ, NCOA1, CNTN2, MYRF, CNTN3, CUX1, FAIM2, ABLIM1, CTNND2, PPP3R1, CTNND1, NPTX1, SEC16A, TOR1A, NFATC4, 
PAFAH1B2, NEDD4L, DCX, PTPRD, GNAO1, NCDN, TRNP1, CREB1, ASIC2, DPYSL4, MAL, SIRT1, WNT2B, PPP1R9B, HEYL, KDM4C, POFUT1 
1.528538254 3.65E-08 4.06E-09 9.51E-09 
GO:0045595~regulation of cell 
differentiation 
190 13.92961877 5.10E-12 
SYT1, SRCIN1, PDLIM7, ADCY5, TNFSF14, JAG1, RORA, PNP, HOOK3, CXCL10, S1PR2, WNT1, S1PR3, DDX17, BRINP1, MYOCD, RAB29, GATA3, MED27, RARB, 
DISC1, FNDC3B, TWIST2, LRRC7, RAB21, RBFOX2, RET, DAB2IP, ROCK1, SIX3, ZHX2, FGF23, DLL1, GRHL2, PPARGC1B, NUMBL, MAP4K4, GPR55, SERPINF2, 
VEGFA, TRIM32, FOXG1, PDGFRA, AKAP6, TGIF2, RELN, NEK5, ASB4, GLP1R, SUCO, SUPT6H, CAV3, GCNT2, DRD2, STRAP, CRTC1, DAG1, SOX4, NFKBIA, 
ULK4, LIN28A, NR2C2, EPHB2, ACE, TRIM67, OVOL2, AXIN2, CSF1R, PLAG1, ASXL2, DIXDC1, ESRRA, ZBTB46, MAP2K1, MET, SMAD4, MSTN, SKI, HGF, FOXP3, 
TRIM62, FOXP1, CORO1C, NOTCH3, NOTCH2, EPHA4, SEMA6A, DLX1, NOTCH1, HDAC1, NEDD4, TRPS1, RGS6, MARCKS, AREG, TCF12, KLF4, NCOR2, 
OPRM1, ARSB, GFAP, CPEB3, MITF, PPARG, SYNJ1, ZEB1, FES, MBP, XYLT1, MAPT, PAX7, RTF1, SEMA3E, ANP32A, EEF2K, LTF, MKX, PLCB1, MYC, SH3PXD2B, 
CCDC88A, ANP32B, FLOT2, TP53, PRKCH, LEF1, CDK6, SPEN, NFAM1, MYADM, MYCN, PRKD1, ACVR2B, NCOA1, CCND1, ANKRD23, SEMA4F, CNTN2, 
WNT9B, SEMA4C, SEMA4B, JMJD1C, CUX1, CLOCK, SRGAP2, CLDN18, RAP1GAP, CCR1, KITLG, KIT, FKBP1B, CALCA, FNDC5, FAT3, XBP1, FAT4, BCL2, BCL11B, 
PER2, BCL6, NFATC4, BCL9L, INPP5D, NEDD4L, TLX2, THPO, PTPRD, NOS1, CREB1, AXL, LMNA, RCAN1, SNAI1, COL5A2, SIRT1, TP73, PHF19, DKK1, PRLR, 
HEYL, IRF1, NEUROD2, MEX3C, KDM4C, IGFBP3, HTR2C, LRP4, TOB2, RNF41, HTR2A 
1.629058 3.89E-08 3.89E-09 1.01E-08 
GO:0010647~positive regulation of cell 
communication 
179 13.12316716 1.23E-11 
SYT1, SLC44A2, SLC6A1, SNCA, LHCGR, TNFSF14, LPAR2, JAG1, ILDR1, ITSN1, CXCL11, CXCL10, SHKBP1, NLRC5, WNT1, DDX17, PTGIS, ATG5, MYOCD, ANK3, 
MDFIC, GATA3, GAB1, SPRED1, LGI1, DISC1, RET, DAB2IP, FGF23, DLL1, RAD9A, IRS1, CRHR1, GPR55, RELT, HNF4A, SERPINF2, VEGFA, TRIM32, PDGFRA, 
PDGFRB, AKAP6, ATPIF1, RELN, VAMP2, GLP1R, NETO2, PPP2R3A, GCNT2, GNAI2, DRD2, CRTC1, SOX4, SNX4, SRC, NR2C2, RIMS3, IRAK4, PEA15, AMER1, 
ECE1, GMIP, RNF165, TNKS, BMF, CSF1R, ASXL2, DIXDC1, BMP3, MYO1C, MAP2K1, IL1RN, MET, ARPP19, SMAD4, MSTN, HGF, GAS1, TRIM62, KCNK3, 
FAM131B, CDKN1C, NOTCH2, EPHA4, IKBKE, EI24, NOTCH1, HDAC1, NEDD4, TRPS1, TMOD2, NAT8L, BMP8B, CREBRF, OPRM1, GFAP, CRNKL1, SHOC2, 
PEX3, LGR4, RSPO1, HPSE, LTF, TGFA, PLCB1, AGAP2, MYC, CASP2, IRAK2, STX1A, TP53, CHST3, PRKCH, CFTR, IL6R, PFKM, EDAR, NFAM1, PRKCE, ZCCHC17, 
PRKCB, PRKD1, INHBB, PRKCQ, ACVR2B, ZDHHC17, MYRIP, KSR2, MAP3K15, UBE2K, CNTN2, SEMA4C, PLA2G6, TREM1, MAP3K14, KSR1, KMT2D, RAB3B, 
CCR1, ATG13, PPM1A, HK1, KITLG, CALCOCO2, FKBP1A, KIT, NETO1, CALCB, MOAP1, CCL22, TSPAN33, XBP1, RASGRP4, LRRTM2, TOR1A, NFATC4, 
1.643398567 9.37E-08 8.52E-09 2.44E-08 
 182 
PAFAH1B2, MLLT3, THPO, NOS1, DNM1L, MAP1A, CREB1, AXL, TSPAN14, MAL, DGKI, MID1, SIRT1, TP73, WNT2B, CDH13, DKK1, NEUROD2, MEX3C, IGFBP3, 
HTR2C, TP53INP1, HTR2A 
GO:0030182~neuron differentiation 156 11.43695015 3.83E-11 
SYT1, SRCIN1, ADCY5, RORA, JAG1, VCL, WNT1, GP5, BRINP1, OLIG3, UNC5A, ANK3, GATA3, RAB29, RARB, LRRC55, LGI1, DISC1, RAB21, LRRC7, DBNL, 
RBFOX2, SATB2, RET, DAB2IP, PTPRM, STMN3, EFNB3, EFNB1, PTPRR, ZHX2, SIX3, DLL1, FARP2, NUMBL, MAP4K4, SLITRK4, TRIM32, FOXG1, VEGFA, TGIF2, 
RELN, NGB, STMN1, PPP2R3A, DRD2, CRTC1, ONECUT2, DAG1, SOX4, ULK4, LIN28A, NRN1, CALU, EPHB2, ALCAM, TRIM67, PVRL1, RNF165, CSF1R, DIXDC1, 
MAP2K1, MET, NR4A2, NTN4, SMAD4, HGF, GAS1, FOXP1, NOTCH3, CDKN1C, EPHA4, SEMA6A, DLX1, NOTCH1, HDAC1, NEDD4, RGS6, MARCKS, AREG, 
TCF12, KLF4, NRP2, ARSB, GFAP, CPEB3, ZEB1, FES, UQCRQ, MBP, SPRY3, XYLT1, MAPT, PAX7, SEMA3E, CAMSAP1, ANP32A, EEF2K, CNTNAP2, CNTNAP1, 
CCDC88A, NOS1AP, SDK2, CHST3, LEF1, COL25A1, MYCN, BBS1, PRKD1, PRKCQ, NCOA1, SEMA4F, CLIC5, CNTN2, WNT9B, SEMA4C, SEMA4B, CUX1, 
MAP3K14, FAIM2, SRGAP2, ABLIM1, RAP1GAP, TH, CTNND2, FKBP1B, NPTX1, FAT3, XBP1, FAT4, BCL2, BCL11B, TOR1A, SLC4A7, BCL6, NFATC4, NEDD4L, 
DCX, ACSL4, TLX2, PTPRD, GNAO1, NCDN, CREB1, DPYSL4, SIRT1, RAPH1, TP73, WNT2B, PPP1R9B, DKK1, HEYL, NEUROD2, KDM4C, GFRA1, LRP4 
1.692155904 2.92E-07 2.43E-08 7.61E-08 
GO:0031325~positive regulation of cellular 
metabolic process 
285 20.89442815 3.95E-11 
PPP2R5A, SNCA, LHCGR, LPAR2, RORA, ITSN1, S1PR2, DDX17, GAB1, CREB3L1, RARB, DAB2IP, STRN3, YY1, HNF4G, MYH9, PPARGC1B, CRHR1, MTF1, 
HNF4A, SERPINF2, MCIDAS, VEGFA, MC2R, PDGFRA, PDGFRB, ATPIF1, NEK5, SUPT6H, GCNT2, GNAI2, HOXA13, CRTC1, NFKBIA, MYT1, RIMS3, PLAGL1, 
ACE, TNKS, HIP1, PLAG1, ASXL2, KLF6, BMP3, UNC119, ESRRA, MAP2K1, IL1RN, SMAD4, MSTN, SKI, OXSR1, HGF, USF1, FAM131B, KCNK3, NOTCH3, EPHA4, 
NOTCH1, NR1I2, CSRNP3, TRPS1, RBMXL1, MARCKS, AREG, TCF12, FOXI1, KLF4, NCOR2, BMP8B, OPRM1, HNF1A, CRNKL1, CPEB3, PPARG, MITF, ZEB1, 
GUCY1A3, TGFA, MKX, MYC, AGAP2, ANP32B, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, ZCCHC17, MYCN, INHBB, CCND1, MAP3K15, KSR2, SEMA4C, 
PLA2G6, KSR1, NSD1, CLOCK, CCR1, UNG, ATG13, HK1, FKBP1A, KIT, CCL22, ACSL1, MPV17L2, XBP1, BCL2, BCL11B, BCL6, BCL9L, NOS1, LMNA, MID1, 
ATMIN, TMPRSS6, SNAI1, BRAT1, TP73, SGTA, TRIM21, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, OBFC1, MEX3C, KDM8, NEUROD2, SVIP, HTR2C, TP53INP2, 
LRP4, HTR2A, TP53INP1, NCBP2, RNASEL, SLC6A1, SRCIN1, JAG1, CXCL11, CXCL10, NLRC5, WNT1, MYOCD, ATG5, MDFIC, GATA3, DISC1, SAMD4A, PID1, 
RET, SATB2, MTA2, SIX3, FGF23, DLL1, SOCS4, GRHL2, IRS1, RELT, GPR55, TRIM32, CELF3, AKAP6, NFE2L1, RELN, CLIP3, GLP1R, CAMTA1, SNX9, FZR1, 
DRD2, ONECUT2, SOX4, LIN28A, SRC, NR2C2, SLX4, AMER1, PPP1R16B, ECE1, TRIM67, GMIP, OVOL2, AXIN2, CSF1R, DIXDC1, MET, ARPP19, NR4A2, WHSC1, 
FOXP3, TRIM62, FOXP1, CDKN1C, HSPBP1, UACA, AKTIP, HDAC1, GTF2F1, ZIC5, DNAJB2, E2F3, ARID4A, ARID4B, RHOQ, PEX3, CBFA2T3, LGR4, TMEM173, 
MAZ, PRMT2, RSPO1, PAX7, RTF1, LTF, LRRFIP1, PLCB1, FOSL1, IRAK2, TBL1XR1, KDM7A, CCDC88A, FOXJ2, NOS1AP, CYCS, CHST3, PADI2, PRKCH, LEF1, 
DDN, PRKCE, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, DGAT1, PSME1, UBE2K, ATG4B, CNTN2, MYRF, PSME3, TREM1, CUX1, CALCR, ABLIM1, KMT2D, 
ABLIM3, PPP3R1, PPM1A, CTNND1, CTCFL, CALCOCO2, KITLG, CALCA, CALCB, RGMB, POU2F1, CHD1, NFATC4, PAFAH1B2, TNRC6B, EHD4, PIK3R2, THPO, 
CREB1, MAP1A, CREB5, SIRT1, ATXN7L3, PRLR, ATXN7, HEYL, SMPD1, IRF1, IRF4, IGFBP3, RNF41 
1.428869996 3.02E-07 2.32E-08 7.86E-08 
GO:0007166~cell surface receptor 
signaling pathway 
222 16.27565982 4.62E-11 
ADCY5, SNCA, FGFRL1, AMOTL2, SHKBP1, CD47, S1PR3, GAB1, SERPINE1, GRID1, DAB2IP, EFNB3, EFNB1, PTPRR, FARP2, CRHR1, HNF4A, VEGFA, PDGFRA, 
PDGFRB, TGIF2, GCNT2, PPP2R3A, GNAI2, HOXA13, NFKBIA, ITGA10, CACNB3, EPHB2, PEA15, TNKS, KLF6, BMP3, CAMLG, IL1RN, SMAD4, MSTN, SKI, HGF, 
GAS1, NOTCH3, EPHA4, SEMA6A, NOTCH2, DLX1, NOTCH1, TRPS1, GRK6, AREG, KLF4, BMP8B, BTBD11, NRP2, OPRM1, CREBRF, LZTS2, HNF1A, PPARG, 
MITF, ZEB1, SEMA3E, TGFA, AGAP2, MYC, ADAM11, TP53, CACNG4, NFAM1, IL6R, CACNG2, ACKR4, INHBB, CCND1, SEMA4F, GRM7, WNT9B, SEMA4C, 
SEMA4B, ZMYND11, CLDN18, FUT8, CCR1, FKBP1A, KIT, CCL22, ACSL1, XBP1, FAT4, IL10RB, BCL2, BCL6, BCL9L, MLLT3, AXL, LMNA, TMPRSS6, SNAI1, 
CDH13, RPS6KA4, DKK1, P2RY14, PLN, ADGRL1, LRP4, JAG1, CXCL11, CXCL10, SLC2A8, NLRC5, WNT1, MYOCD, UNC5A, GATA3, PDE4B, MS4A2, RNF34, 
DISC1, PAG1, PID1, RET, SOGA1, CSNK1G1, SIX3, FGF23, SOCS7, DLL1, SOCS4, IRS1, NUMBL, RELT, TRIM32, RELN, GLP1R, NETO2, CAV3, STRAP, DRD2, 
ONECUT2, SOX4, EPHA10, GREM2, SRC, IRAK4, AMER1, PEG10, OVOL2, RNF165, ITGB8, AXIN2, CSF1R, DIXDC1, MYO1C, MET, FOXP3, CDKN1C, PLCG1, 
HDAC1, NEDD4, ADGRF2, NDST1, SGPP1, IL21R, RHOQ, CXCR1, FES, LGR4, JADE2, FAM83A, RSPO1, CDIP1, LTF, PLCB1, CASP2, IRAK2, TBL1XR1, ADIPOR2, 
PRKCH, PADI2, LEF1, CDK6, PRKCE, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, XIRP1, UBE2K, CNTN2, PSME3, EPN2, CALCR, FRK, RTN4RL1, CTNND2, PPM1A, 
KITLG, CTNND1, RGMB, MOAP1, TSPAN33, NFATC4, GIGYF1, THPO, PIK3R2, IL2RB, CR2, NCEH1, CREB1, TSPAN14, MAL, TMBIM1, TSPAN18, SIRT1, WNT2B, 
PRLR, ATXN7, HEYL, IRF1, IGFBP3, POFUT1, RNF41 
1.521662612 3.53E-07 2.52E-08 9.19E-08 
GO:0010604~positive regulation of 
macromolecule metabolic process 274 20.08797654 5.07E-11 
PPP2R5A, SNCA, LPAR2, RORA, S1PR2, DDX17, GAB1, SERPINE1, CREB3L1, RARB, DAB2IP, STRN3, YY1, HNF4G, MYH9, PPARGC1B, MTF1, HNF4A, SERPINF2, 
MCIDAS, VEGFA, PDGFRA, PDGFRB, ATPIF1, NEK5, SUPT6H, SUCO, PPP2R3A, GCNT2, GNAI2, HOXA13, CRTC1, NFKBIA, MYT1, PLAGL1, ACE, LPCAT1, TNKS, 
HIP1, PLAG1, ASXL2, KLF6, BMP3, UNC119, ESRRA, MAP2K1, IL1RN, SMAD4, MSTN, SKI, OXSR1, HGF, USF1, NOTCH3, EPHA4, NOTCH1, NR1I2, CSRNP3, 
TRPS1, RBMXL1, MARCKS, AREG, TCF12, FOXI1, KLF4, NCOR2, BMP8B, OPRM1, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, TGFA, MKX, MYC, AGAP2, 
ANP32B, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYCN, INHBB, CCND1, MAP3K15, KSR2, SLC26A9, SEMA4C, PLA2G6, KSR1, NSD1, CLOCK, CCR1, UNG, 
ATG13, FKBP1A, KIT, CCL22, ACSL1, MPV17L2, XBP1, BCL2, BCL11B, BCL6, BCL9L, NOS1, LMNA, MID1, ATMIN, TMPRSS6, SNAI1, BRAT1, SGTA, TRIM21, 
TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, OBFC1, KDM8, NEUROD2, SVIP, HTR2C, TP53INP2, LRP4, TP53INP1, HTR2A, NCBP2, RNASEL, SRCIN1, JAG1, 
NLRC5, WNT1, MYOCD, ANK2, MDFIC, ANK3, GATA3, DISC1, SAMD4A, PID1, RET, SATB2, MTA2, SIX3, FGF23, DLL1, SOCS4, GRHL2, IRS1, RELT, GPR55, 
TRIM32, CELF3, AKAP6, NFE2L1, RELN, CLIP3, GLP1R, SNX9, CAMTA1, FZR1, DRD2, ONECUT2, SOX4, LIN28A, SRC, NR2C2, OAZ2, SLX4, AMER1, PPP1R16B, 
ECE1, TRIM67, OVOL2, ITGB8, AXIN2, CSF1R, DIXDC1, MET, NR4A2, WHSC1, FOXP3, TRIM62, FOXP1, CDKN1C, HSPBP1, UACA, AKTIP, HDAC1, NEDD4, 
GTF2F1, ZIC5, DNAJB2, E2F3, ARID4A, PRKAG1, ARID4B, RHOQ, CBFA2T3, LGR4, TMEM173, MAZ, PRMT2, RSPO1, PAX7, RTF1, LTF, LRRFIP1, PLCB1, FOSL1, 
IRAK2, TBL1XR1, KDM7A, CCDC88A, FOXJ2, NOS1AP, CYCS, PADI2, PRKCH, LEF1, CDK6, EDAR, DDN, PRKCE, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, PSME1, 
ATG4B, UBE2K, CNTN2, MYRF, PSME3, CUX1, ABLIM1, KMT2D, ABLIM3, PPP3R1, PPM1A, CTNND1, CTCFL, KITLG, CALCA, RGMB, POU2F1, CHD1, NFATC4, 
NEDD4L, TNRC6B, EHD4, PIK3R2, THPO, CREB1, CREB5, SIRT1, ATXN7L3, PRLR, ATXN7, HEYL, SMPD1, IRF1, KDM4C, IRF4, IGFBP3, RNF41 
1.439822236 3.87E-07 2.58E-08 1.01E-07 
GO:0065009~regulation of molecular 
function 
256 18.76832845 7.01E-11 
CTTNBP2NL, DYNC1LI1, PPP2R5A, SNCA, LHCGR, LPAR2, ITSN1, CRY2, GAB1, SERPINE1, TWIST2, RECK, DAB2IP, SCN2B, ROCK1, RAP1GDS1, RIC8B, 
PPARGC1B, FARP2, CRHR1, HNF4A, SERPINF2, VEGFA, PDGFRA, PDGFRB, ATPIF1, WFDC5, NEK5, ADD2, RALGPS2, RALGPS1, GNAI2, CRTC1, CACNB1, 
NFKBIA, CACNB3, CALU, ACE, SERINC1, TNKS, HIP1, UNC119, ARHGEF33, ABR, MAP2K1, IL1RN, SMAD4, MSTN, SKI, OXSR1, HGF, EPHA4, NOTCH1, CSRNP3, 
DCP1A, PKP4, RGS6, GRK6, MARCKS, KLF4, OPRM1, JPH3, CPEB2, PPARG, ZYG11B, CCNE2, NMUR1, TGFA, GPIHBP1, MYC, AGAP2, ALS2CL, ARHGEF3, 
ANP32B, RAB4A, TP53, CACNG4, CFTR, ARHGEF9, NFAM1, IL6R, CACNG2, LRPAP1, MTMR12, CCND1, MAP3K15, DNAJC24, SERPINB8, GRM7, SERPINB2, 
WNT9B, PLA2G6, NSD1, ZER1, CLOCK, SRGAP2, RAP1GAP, ATG13, HK1, BCCIP, FKBP1A, KIT, FKBP1B, GCH1, CCL22, PLEKHG2, ACSL1, BCL2, CHM, PER2, 
MLLT1, BCL6, MTMR9, RASA4, ELMOD1, TBC1D2, CNST, NOS1, PPP1R11, PPP1R10, ATP1A2, DGKI, TRIM21, TP73, DUSP4, DKK1, PPP1R8, OBFC1, PLN, 
NEUROD2, DGKZ, HTR2A, SRCIN1, TNFSF14, RASGEF1C, NLRC5, WNT1, PTGIS, ANK2, MYOCD, MDFIC, ANK3, GATA3, PDE4B, MS4A2, SPRED1, NQO1, 
RNF34, RET, STMN3, PSD3, FGF23, SOCS4, GRHL2, PKIA, IRS1, SGSM2, GPR55, TRIM32, AKAP6, RELN, NGB, VAMP2, NETO2, CAV3, PACS1, FXYD2, SNX9, 
FZR1, DRD2, SIPA1, GREM2, SRC, OAZ2, SLX4, PPP1R16B, KCNS2, GMIP, LMTK3, AXIN2, TBC1D30, FGD6, FGD3, CSF1R, ARHGDIB, MET, DOCK9, ARPP19, 
NR4A2, DOCK8, FOXP3, TRIM62, DOCK3, CORO1C, CDKN1C, HSPBP1, TBC1D25, UACA, AKTIP, PLCG1, NEDD4, GTF2F1, DNAJB1, PRKAG1, PIP5K1A, PDCD4, 
TMEM173, PRMT2, PAX7, ARHGAP1, LTF, DLG3, LRRFIP1, PLCB1, FOSL1, IRAK2, CCDC88A, NOS1AP, CYCS, RIMBP2, PRKCH, LEF1, PRKCE, ARHGAP26, PRKCB, 
PRKD1, PRKCQ, ACVR2B, PSME1, PSME3, CALCR, RTN4RL1, APH1A, CYTH4, KITLG, CALCA, RASGRP4, ARHGAP44, NFATC4, NEDD4L, PIK3R2, GNAO1, FETUB, 
ASIC2, RCAN1, TMBIM1, SIRT1, RALGDS, PPP1R9B, PRLR, HEYL, SMPD1, IRF4, EVI5L, IGFBP3, RNF41 
1.459847103 5.35E-07 3.34E-08 1.39E-07 
GO:0008104~protein localization 222 16.27565982 7.71E-11 
CHMP3, VTCN1, PPP2R5A, PLEKHM1, ADCY5, CHMP7, LHCGR, VPS52, SYT9, SIDT2, HOOK3, KIF13A, CRY2, RAB29, AAGAB, VPS4A, RAB21, DAB2IP, GBP5, 
ROCK1, MYH9, PCLO, VTI1A, HNF4A, VEGFA, SURF4, UBL4A, ATPIF1, CACNB1, DAG1, NFKBIA, MYT1, STX17, GOLPH3L, TNKS, FCHO2, UNC119, GPR158, 
IL1RN, PTPN14, SMAD4, GAS8, NOTCH2, NOTCH1, DCP1A, MARCKS, OPRM1, CREBRF, LZTS2, HNF1A, AP1B1, GLRA3, PPARG, AP3S2, AP1S2, NMUR1, 
NEURL1B, AGAP2, GPIHBP1, ALS2CL, JAKMIP1, SH3PXD2B, KDELR3, PGAP2, STX1A, ANP32B, FLOT2, RAB4A, ZDHHC8, TP53, CFTR, ARHGEF9, MYADM, 
INHBB, ZDHHC15, ZDHHC17, MYRIP, CLIC5, PLA2G6, FKBP11, CLOCK, RAB3B, CLDN18, PPFIA1, ATG13, BET1, HK1, FKBP1B, NETO1, ZDHHC23, RAB43, XBP1, 
NUP210, PER2, CHM, BCL6, LYPLAL1, ELMOD1, NOS1, CNST, LMNA, LRRC46, MID1, MARCH5, PREB, COG3, COG6, RAB36, MCFD2, SVIP, TP53INP2, LRP4, 
HTR2A, SRCIN1, XPO5, LMAN2L, XPO4, TNFSF14, ILDR2, PNP, VCL, SLC16A1, ATG5, ANK2, MDFIC, ANK3, GATA3, MS4A2, SAR1A, DISC1, PID1, ATG9A, SIX3, 
1.513093888 5.89E-07 3.46E-08 1.53E-07 
 183 
PKIA, IRS1, CDKL2, MAP4K4, LYST, AKAP6, RELN, VAMP2, CLIP3, ERC1, GLP1R, CAV3, PACS1, SNX9, SYVN1, DRD2, PPIL2, COPZ1, SOX4, SNX4, LMAN1, SRC, 
OAZ2, AXIN2, SEC61A1, CSF1R, MYO1C, CRB3, WHSC1, WIPI2, FOXP3, FOXP1, CORO1C, UACA, PLCG1, HDAC1, AKTIP, NEDD4, CACNA1E, SPCS2, DPH6, 
RHOQ, PEX3, PIP5K1A, RHOV, LGR4, TMEM173, PEX2, DLG3, CNTNAP2, CNTNAP1, NRXN2, KIF17, SRPRA, PFKM, EDAR, PRKCE, BBS1, MFN2, PRKCQ, 
ACVR2B, DGAT1, ATG4B, CNTN2, TOM1, TREM1, CALCR, SNX15, ABLIM3, PPM1A, PPP3R1, MOAP1, TSPAN33, TMEM33, MARVELD3, TOR1A, NEDD4L, 
PIK3R2, SPRN, DNM1L, ASIC2, TSPAN14, MAL, TMBIM1, HID1, SIRT1, PPP1R9B, CDAN1, KCNN3 
GO:0045184~establishment of protein 
localization 184 13.48973607 1.09E-10 
CHMP3, SRCIN1, PLEKHM1, VTCN1, PPP2R5A, XPO5, LMAN2L, XPO4, ADCY5, CHMP7, LHCGR, VPS52, TNFSF14, SYT9, ILDR2, SIDT2, PNP, KIF13A, SLC16A1, 
CRY2, ANK2, ATG5, ANK3, MDFIC, RAB29, GATA3, AAGAB, MS4A2, VPS4A, SAR1A, RAB21, PID1, DAB2IP, ATG9A, GBP5, ROCK1, SIX3, MYH9, CDKL2, PCLO, 
IRS1, PKIA, VTI1A, MAP4K4, HNF4A, LYST, UBL4A, SURF4, AKAP6, ATPIF1, VAMP2, CLIP3, ERC1, GLP1R, CAV3, PACS1, SNX9, SYVN1, DRD2, COPZ1, CACNB1, 
DAG1, SOX4, NFKBIA, SNX4, MYT1, LMAN1, SRC, OAZ2, STX17, GOLPH3L, AXIN2, SEC61A1, CSF1R, UNC119, MYO1C, IL1RN, PTPN14, SMAD4, FOXP3, 
FOXP1, CORO1C, NOTCH2, NOTCH1, UACA, AKTIP, PLCG1, HDAC1, NEDD4, MARCKS, CACNA1E, SPCS2, OPRM1, CREBRF, HNF1A, AP1B1, DPH6, PPARG, 
AP3S2, RHOQ, PEX3, PIP5K1A, RHOV, LGR4, TMEM173, AP1S2, NMUR1, PEX2, NEURL1B, AGAP2, GPIHBP1, JAKMIP1, KDELR3, PGAP2, STX1A, ANP32B, 
FLOT2, ZDHHC8, RAB4A, TP53, CFTR, SRPRA, PFKM, EDAR, PRKCE, MYADM, BBS1, ZDHHC15, MFN2, INHBB, PRKCQ, ACVR2B, ZDHHC17, MYRIP, DGAT1, 
ATG4B, CNTN2, TOM1, PLA2G6, TREM1, FKBP11, CLOCK, CALCR, RAB3B, SNX15, ABLIM3, ATG13, PPFIA1, PPM1A, PPP3R1, BET1, HK1, FKBP1B, MOAP1, 
RAB43, TSPAN33, XBP1, NUP210, TOR1A, CHM, PER2, BCL6, LYPLAL1, ELMOD1, PIK3R2, SPRN, NOS1, CNST, DNM1L, LMNA, LRRC46, TSPAN14, MAL, 
TMBIM1, HID1, SIRT1, PREB, COG3, PPP1R9B, COG6, RAB36, KCNN3, MCFD2, SVIP 
1.587925267 8.35E-07 4.64E-08 2.18E-07 
GO:2000026~regulation of multicellular 
organismal development 
191 14.00293255 2.28E-10 
SYT1, SRCIN1, PGF, ADCY5, JAG1, PNP, HOOK3, CXCL10, S1PR2, WNT1, S1PR3, DDX17, BRINP1, PTGIS, MYOCD, RAB29, GATA3, SERPINE1, WDR77, RRAS, 
RARB, DISC1, TWIST2, LRRC7, RAB21, RBFOX2, RET, DAB2IP, PTPRM, ROCK1, SIX3, ZHX2, FGF23, DLL1, GRHL2, PPARGC1B, NUMBL, MAP4K4, SLITRK4, 
GPR55, HNF4A, VEGFA, TRIM32, FOXG1, PDGFRB, AKAP6, TGIF2, RELN, ATXN1L, ASB4, SUPT6H, CAV3, PPP2R3A, GCNT2, DRD2, STRAP, CRTC1, DAG1, 
NFKBIA, ULK4, LIN28A, NR2C2, EPHB2, PPP1R16B, ACE, TRIM67, PVRL1, OVOL2, AXIN2, TMEM79, ARHGDIB, CSF1R, PLAG1, ASXL2, DIXDC1, ESRRA, ZBTB46, 
MAP2K1, IL1RN, MET, SMAD4, NTN4, MSTN, SKI, WHSC1, HGF, FOXP3, TRIM62, FOXP1, FOXP2, NOTCH3, NOTCH2, EPHA4, SEMA6A, DLX1, NOTCH1, 
PLCG1, HDAC1, NEDD4, TRPS1, RGS6, MARCKS, TCF12, KLF4, OPRM1, ARSB, GFAP, CPEB3, MITF, PPARG, SYNJ1, ZEB1, FES, LGR4, MBP, XYLT1, HPSE, MAPT, 
SEMA3E, ANP32A, EEF2K, PLCB1, AGAP2, MYC, CCDC88A, TP53, PRKCH, LEF1, CDK6, SPEN, NFAM1, MYADM, MYCN, PRKCB, PRKD1, ACVR2B, NCOA1, 
CCND1, SEMA4F, CNTN2, WNT9B, SEMA4C, MYRF, SEMA4B, CUX1, CLOCK, SRGAP2, CLDN18, RAP1GAP, CCR1, UNG, KITLG, KIT, FKBP1B, CALCA, FAT3, 
XBP1, FAT4, BCL2, LRRTM2, BCL11B, PER2, BCL6, NFATC4, BCL9L, INPP5D, NEDD4L, TLX2, MLLT3, THPO, PTPRD, NOS1, CREB1, ASIC2, AXL, LMNA, SNAI1, 
COL5A2, SIRT1, TP73, WNT2B, DKK1, PRLR, HEYL, IRF1, NEUROD2, KDM4C, ADGRL1, LRP4, TOB2, RNF41 
1.556761274 1.74E-06 9.17E-08 4.54E-07 
GO:0040011~locomotion 165 12.09677419 2.39E-10 
PVR, SRCIN1, TNFSF14, CXCL11, AMOTL1, VCL, CXCL10, CD47, OLIG3, UNC5A, ANK3, GATA3, PDE4B, SERPINE1, GAB1, RRAS, LGI1, MTUS1, DISC1, FNDC3B, 
RECK, RBFOX2, SATB2, RET, DAB2IP, PTPRM, ROCK1, EFNB3, TMEM201, MTA2, EFNB1, PTPRR, SIX3, SOCS7, MYH9, IRS1, NAV1, LYST, TRIM32, FOXG1, 
VEGFA, PDGFRA, CELF3, PDGFRB, RELN, STC1, GCNT2, PPP2R3A, STRAP, DRD2, PEAK1, ONECUT2, DAG1, ULK4, SRC, EPHB2, ALCAM, IRAK4, ACE, OVOL2, 
PVRL1, RNF165, PVRL2, ARHGDIB, CSF1R, DIXDC1, MUC2, ABR, MYO1C, MAP2K1, PODXL, IL1RN, MET, NR4A2, SMAD4, HACE1, GAS1, HGF, DOCK8, GAS8, 
TRIM62, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, PLCG1, NEDD4, CXCL16, CACNA1E, KLF4, NRP2, ARSB, JPH3, MITF, CXCR1, PIP5K1A, FES, PEX2, MAPT, 
SEMA3E, CAP1, PLCB1, MYC, FMNL3, CCDC88A, TP53, LEF1, PADI2, ACKR4, DAPK2, PRKCE, MYADM, ELMO1, BBS1, PRKD1, PRKCQ, SEMA4F, CNTN2, 
SEMA4C, PLA2G6, SEMA4B, TREM1, USP24, SRGAP2, PARVA, ABLIM1, FUT8, CCR1, KITLG, KIT, TRIM10, CALCA, CCL22, FAT3, BCL2, BCL11B, MARVELD3, 
FAT2, TOR1A, SCNN1G, DCX, SELPLG, INPP5B, PLET1, SWAP70, CREB1, AXL, LMNA, TNP1, DPYSL4, RCAN1, ATP1A2, FUCA2, SNAI1, BRAT1, TRIM21, CDH13, 
PPP1R9B, RPL13A, GFRA1, IGFBP3, HTR2C, RNF41, TP53INP1 
1.62365569 1.83E-06 9.13E-08 4.76E-07 
GO:0035556~intracellular signal 
transduction 234 17.15542522 2.81E-10 
PLEKHM1, ADCY5, LHCGR, LPAR2, RORA, ITSN1, RAB29, GAB1, CREB3L1, RAB21, DBNL, DAB2IP, ROCK1, PTPRR, RAP1GDS1, RAD9A, UBR1, PCLO, FARP2, 
HNF4A, SERPINF2, VEGFA, PDGFRA, PDGFRB, RALGPS2, RALGPS1, GCNT2, GNAI2, DAG1, NFKBIA, BDKRB2, GPR143, BMP3, ARHGEF33, ABR, MAP2K1, 
IL1RN, SMAD4, MSTN, HGF, OXSR1, EPHA4, NOTCH2, EI24, NOTCH1, RGS6, KLF4, BMP8B, OPRM1, WASF1, SHOC2, TMEM109, STAC2, TKFC, NMUR1, 
MAPT, GUCY1A3, TGFA, AGAP2, MYC, ALS2CL, ARHGEF3, PGAP2, RAB4A, TP53, ARHGEF9, PI4KB, NFAM1, IL6R, MYADM, ELMO1, INHBB, MAST3, ZDHHC17, 
MAP3K15, KSR2, SEMA4C, PLA2G6, KSR1, MAP3K14, FKBP11, ZMYND11, RAB3B, USP8, RAP1GAP, CCR1, FKBP1A, KIT, FKBP1B, TPCN2, CCL22, PLEKHG2, 
RAB43, DGKB, XBP1, FAT4, BCL2, BCL6, RASA4, NOS1, AXL, SPSB4, ATP1A2, DGKI, MID1, SNAI1, TP73, CDH13, DUSP4, RPS6KA4, RAB36, MAPK13, PLN, 
NEUROD2, DGKZ, ADGRL1, HTR2C, HTR2A, SLC44A2, TUFT1, TNFSF14, RASGEF1C, CXCL11, CXCL10, WNT1, ANK2, MDFIC, GATA3, RRAS, SPRED1, RNF34, 
PAG1, DISC1, RET, STMN3, PSD3, FGF23, SOCS4, IRS1, MAP4K4, TNS2, GPR55, RELT, TRIM32, ASB1, AKAP6, RELN, STMN1, ERC1, ASB4, GLP1R, CAV3, 
SYVN1, DRD2, SIPA1, SOX4, ULK4, SRC, NR2C2, IRAK4, PPP1R16B, ECE1, TRIM67, GMIP, STK38L, FGD6, FGD3, RHOBTB3, CSF1R, DIXDC1, MET, ARPP19, 
DOCK9, DOCK8, TRIM62, DOCK3, IKBKE, PDE7B, UACA, PLCG1, HDAC1, NEDD4, RHOJ, NDST1, SGPP1, MRVI1, RHOQ, RHOV, PDCD4, HPSE, CDIP1, ARHGAP1, 
WWC3, LTF, PLCB1, CASP2, IRAK2, CCDC88A, PRKCH, EDAR, DAPK2, PRKCE, RASL12, ARHGAP26, PRKCB, PRKD1, MFN2, PRKCQ, UBE2K, MDM4, RTN4RL1, 
CYTH4, PPM1A, PPP3R1, KITLG, MOAP1, RASGRP4, MARVELD3, NFATC4, INPP5D, DCX, THPO, PIK3R2, PTPRD, DNM1L, RCAN1, SIRT1, RALGDS, PPP1R9B, 
PRLR, SMPD1, IRF1, IGFBP3, RNF41 
1.471933795 2.14E-06 1.02E-07 5.58E-07 
GO:0045935~positive regulation of 
nucleobase-containing compound 
metabolic process 
182 13.3431085 7.58E-10 
NCBP2, RNASEL, LHCGR, RORA, JAG1, CXCL11, CXCL10, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, PID1, SATB2, RET, DAB2IP, MTA2, 
STRN3, YY1, SIX3, FGF23, DLL1, HNF4G, GRHL2, PPARGC1B, CRHR1, HNF4A, MTF1, SERPINF2, MCIDAS, VEGFA, MC2R, TRIM32, PDGFRA, CELF3, PDGFRB, 
NFE2L1, RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, SRC, NR2C2, PLAGL1, SLX4, ECE1, OVOL2, TNKS, PLAG1, 
ASXL2, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, WHSC1, HGF, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, 
CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, AREG, TCF12, FOXI1, KLF4, E2F3, HNF1A, ARID4A, CPEB3, MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, 
TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, GUCY1A3, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, FOXJ2, TP53, PRKCH, LEF1, 
PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, CUX1, NSD1, CLOCK, CALCR, ABLIM1, KMT2D, ABLIM3, UNG, 
PPM1A, PPP3R1, KITLG, CTCFL, KIT, CALCA, RGMB, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, TNRC6B, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, 
TMPRSS6, ATMIN, SIRT1, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, OBFC1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, IRF4, IGFBP3, TP53INP2, 
RNF41, TP53INP1, HTR2A 
1.554958557 5.79E-06 2.63E-07 1.51E-06 
GO:0015031~protein transport 168 12.31671554 1.34E-09 
CHMP3, SRCIN1, PLEKHM1, VTCN1, XPO5, LMAN2L, XPO4, ADCY5, CHMP7, LHCGR, VPS52, TNFSF14, SYT9, ILDR2, SIDT2, PNP, KIF13A, SLC16A1, CRY2, 
ANK2, ATG5, ANK3, MDFIC, RAB29, GATA3, AAGAB, MS4A2, VPS4A, SAR1A, RAB21, DAB2IP, ATG9A, GBP5, SIX3, MYH9, CDKL2, PCLO, PKIA, IRS1, VTI1A, 
MAP4K4, HNF4A, LYST, SURF4, AKAP6, ATPIF1, VAMP2, CLIP3, ERC1, GLP1R, PACS1, SNX9, SYVN1, DRD2, COPZ1, CACNB1, DAG1, SOX4, NFKBIA, SNX4, 
MYT1, LMAN1, SRC, OAZ2, STX17, GOLPH3L, AXIN2, SEC61A1, CSF1R, UNC119, MYO1C, IL1RN, PTPN14, SMAD4, FOXP3, FOXP1, NOTCH2, NOTCH1, UACA, 
AKTIP, HDAC1, PLCG1, NEDD4, CACNA1E, MARCKS, SPCS2, OPRM1, CREBRF, HNF1A, AP1B1, DPH6, PPARG, AP3S2, PEX3, PIP5K1A, RHOV, LGR4, TMEM173, 
AP1S2, NMUR1, PEX2, NEURL1B, AGAP2, GPIHBP1, JAKMIP1, KDELR3, PGAP2, STX1A, ANP32B, ZDHHC8, RAB4A, TP53, CFTR, SRPRA, PFKM, EDAR, PRKCE, 
MYADM, BBS1, MFN2, INHBB, PRKCQ, ACVR2B, ZDHHC17, MYRIP, DGAT1, ATG4B, TOM1, PLA2G6, TREM1, FKBP11, CLOCK, CALCR, RAB3B, SNX15, ABLIM3, 
ATG13, PPM1A, PPP3R1, BET1, HK1, FKBP1B, RAB43, XBP1, NUP210, TOR1A, CHM, PER2, BCL6, LYPLAL1, ELMOD1, PIK3R2, SPRN, NOS1, CNST, DNM1L, 
LMNA, LRRC46, MAL, HID1, SIRT1, PREB, COG3, COG6, RAB36, KCNN3, MCFD2, SVIP 
1.578323941 1.03E-05 4.46E-07 2.67E-06 
GO:0033036~macromolecule localization 240 17.59530792 1.40E-09 
CHMP3, VTCN1, PPP2R5A, PLEKHM1, ADCY5, CHMP7, LHCGR, VPS52, SYT9, SIDT1, SIDT2, HOOK3, KIF13A, CRY2, RAB29, AAGAB, VPS4A, RAB21, DAB2IP, 
GBP5, ROCK1, YY1, MYH9, PCLO, VTI1A, GLTP, CRHR1, HNF4A, VEGFA, SURF4, UBL4A, ATPIF1, SUPT6H, CACNB1, DAG1, NFKBIA, BDKRB2, MYT1, ACE, 
STX17, GOLPH3L, TNKS, FCHO2, UNC119, GPR158, IL1RN, SMAD4, PTPN14, GAS8, ABCG4, NOTCH2, NOTCH1, DCP1A, MARCKS, OPRM1, CREBRF, LZTS2, 
HNF1A, AP1B1, GLRA3, PPARG, AP3S2, AP1S2, NMUR1, NEURL1B, GPIHBP1, AGAP2, ALS2CL, JAKMIP1, KDELR3, SH3PXD2B, PGAP2, STX1A, ANP32B, FLOT2, 
RAB4A, ZDHHC8, TP53, CFTR, ARHGEF9, MYADM, INHBB, ZDHHC15, ZDHHC17, MYRIP, CLIC5, PLA2G6, FKBP11, CLOCK, SLC27A4, RAB3B, CLDN18, ABCD1, 
PPFIA1, ATG13, BET1, HK1, FKBP1B, NETO1, ZDHHC23, ACSL1, RAB43, XBP1, NUP210, CHM, PER2, BCL6, LYPLAL1, SLCO3A1, ACSL4, ELMOD1, NOS1, CNST, 
1.438646786 1.07E-05 4.44E-07 2.78E-06 
 184 
LMNA, LRRC46, MID1, MARCH5, PREB, COG3, COG6, RAB36, MCFD2, SVIP, TP53INP2, LRP4, HTR2A, NCBP2, SRCIN1, XPO5, LMAN2L, XPO4, TNFSF14, 
ILDR2, PNP, VCL, SLC16A1, ATG5, ANK2, MDFIC, ANK3, GATA3, MS4A2, SAR1A, DISC1, PID1, ATG9A, SIX3, CDKL2, PKIA, IRS1, MAP4K4, PNPLA8, LYST, 
AKAP6, RELN, VAMP2, CLIP3, ERC1, GLP1R, CAV3, PACS1, SNX9, SYVN1, DRD2, PPIL2, COPZ1, SOX4, SNX4, LMAN1, SRC, SLCO2A1, OAZ2, AXIN2, SEC61A1, 
CSF1R, MYO1C, CRB3, WHSC1, WIPI2, FOXP3, FOXP1, CORO1C, UACA, PLCG1, HDAC1, AKTIP, NEDD4, CACNA1E, SPCS2, DPH6, RHOQ, PEX3, PIP5K1A, 
RHOV, LGR4, TMEM173, PEX2, DLG3, CNTNAP2, CNTNAP1, LDAH, NRXN2, KIF17, SRPRA, PFKM, EDAR, PRKCE, BBS1, MFN2, PRKCQ, ACVR2B, DGAT1, 
ATG4B, CNTN2, TOM1, TREM1, CALCR, SNX15, ABLIM3, PPM1A, PPP3R1, MOAP1, TSPAN33, TMEM33, MARVELD3, TOR1A, NEDD4L, PIK3R2, SPRN, 
DNM1L, ASIC2, TSPAN14, MAL, TMBIM1, HID1, SLC10A2, SIRT1, PPP1R9B, CDAN1, KCNN3 
GO:0060284~regulation of cell 
development 118 8.651026393 1.53E-09 
SYT1, SRCIN1, ADCY5, JAG1, HOOK3, S1PR2, S1PR3, BRINP1, GATA3, RAB29, RARB, DISC1, RAB21, LRRC7, DAB2IP, RET, ROCK1, ZHX2, SIX3, DLL1, NUMBL, 
MAP4K4, TRIM32, FOXG1, VEGFA, AKAP6, TGIF2, RELN, CAV3, GCNT2, STRAP, DRD2, CRTC1, DAG1, ULK4, LIN28A, EPHB2, ACE, TRIM67, OVOL2, AXIN2, 
PLAG1, DIXDC1, MAP2K1, MET, SMAD4, SKI, HGF, TRIM62, CORO1C, NOTCH3, SEMA6A, EPHA4, NOTCH1, DLX1, HDAC1, NEDD4, RGS6, MARCKS, TCF12, 
KLF4, ARSB, OPRM1, GFAP, CPEB3, SYNJ1, PPARG, ZEB1, FES, MBP, XYLT1, MAPT, SEMA3E, EEF2K, ANP32A, MYC, CCDC88A, TP53, LEF1, PRKCH, SPEN, 
MYADM, MYCN, PRKD1, NCOA1, ANKRD23, SEMA4F, CNTN2, WNT9B, SEMA4C, SEMA4B, CUX1, CLOCK, SRGAP2, CLDN18, RAP1GAP, KIT, FKBP1B, FAT3, 
BCL2, BCL11B, PER2, BCL6, NFATC4, BCL9L, NEDD4L, TLX2, PTPRD, NOS1, CREB1, SNAI1, SIRT1, TP73, DKK1, HEYL, NEUROD2, KDM4C, LRP4 
1.757817338 1.17E-05 4.68E-07 3.05E-06 
GO:0023056~positive regulation of 
signaling 
159 11.6568915 1.98E-09 
SYT1, SLC44A2, SNCA, LHCGR, TNFSF14, LPAR2, ILDR1, JAG1, ITSN1, CXCL11, CXCL10, SHKBP1, NLRC5, WNT1, DDX17, PTGIS, MYOCD, MDFIC, GATA3, 
GAB1, SPRED1, LGI1, DISC1, RET, DAB2IP, FGF23, DLL1, RAD9A, IRS1, CRHR1, GPR55, HNF4A, RELT, SERPINF2, TRIM32, VEGFA, PDGFRA, PDGFRB, AKAP6, 
ATPIF1, RELN, VAMP2, GLP1R, NETO2, GCNT2, PPP2R3A, GNAI2, DRD2, CRTC1, SOX4, SNX4, SRC, IRAK4, PEA15, AMER1, ECE1, RNF165, TNKS, BMF, CSF1R, 
ASXL2, DIXDC1, BMP3, MYO1C, MAP2K1, IL1RN, MET, ARPP19, SMAD4, MSTN, HGF, GAS1, TRIM62, CDKN1C, NOTCH2, EPHA4, IKBKE, EI24, NOTCH1, 
HDAC1, NEDD4, TRPS1, TMOD2, BMP8B, NAT8L, CREBRF, OPRM1, GFAP, SHOC2, LGR4, RSPO1, HPSE, LTF, TGFA, PLCB1, AGAP2, MYC, CASP2, IRAK2, 
STX1A, TP53, PRKCH, CFTR, IL6R, EDAR, NFAM1, PFKM, PRKCE, PRKCB, PRKD1, INHBB, PRKCQ, ACVR2B, ZDHHC17, MYRIP, KSR2, MAP3K15, UBE2K, CNTN2, 
SEMA4C, PLA2G6, KSR1, MAP3K14, KMT2D, RAB3B, CCR1, PPM1A, KITLG, FKBP1A, KIT, NETO1, CCL22, MOAP1, TSPAN33, XBP1, RASGRP4, LRRTM2, TOR1A, 
NFATC4, MLLT3, THPO, NOS1, DNM1L, CREB1, AXL, TSPAN14, MAL, DGKI, MID1, SIRT1, TP73, WNT2B, CDH13, DKK1, NEUROD2, IGFBP3, HTR2C, TP53INP1, 
HTR2A 
1.594868625 1.51E-05 5.80E-07 3.93E-06 
GO:0051254~positive regulation of RNA 
metabolic process 
162 11.87683284 2.03E-09 
NCBP2, RNASEL, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, YY1, SIX3, FGF23, 
DLL1, HNF4G, GRHL2, PPARGC1B, HNF4A, MTF1, SERPINF2, MCIDAS, TRIM32, VEGFA, CELF3, NFE2L1, RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, 
CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, SRC, NR2C2, PLAGL1, OVOL2, TNKS, ASXL2, PLAG1, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, 
SKI, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, TCF12, FOXI1, KLF4, E2F3, HNF1A, 
ARID4A, CPEB3, MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, 
KDM7A, TBL1XR1, FOXJ2, TP53, PRKCH, LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, CUX1, NSD1, 
CLOCK, ABLIM1, KMT2D, ABLIM3, PPP3R1, PPM1A, CTCFL, KIT, RGMB, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, TNRC6B, PIK3R2, NOS1, CREB1, 
LMNA, CREB5, SNAI1, TMPRSS6, SIRT1, ATMIN, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, IRF4, 
TP53INP2, RNF41, TP53INP1 
1.58554096 1.55E-05 5.75E-07 4.04E-06 
GO:1902680~positive regulation of RNA 
biosynthetic process 
158 11.58357771 2.05E-09 
RNASEL, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, YY1, SIX3, FGF23, DLL1, 
HNF4G, GRHL2, PPARGC1B, HNF4A, MTF1, SERPINF2, MCIDAS, TRIM32, VEGFA, NFE2L1, RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, 
ONECUT2, SOX4, NFKBIA, MYT1, SRC, NR2C2, PLAGL1, OVOL2, TNKS, ASXL2, PLAG1, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, FOXP3, 
USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, TCF12, FOXI1, KLF4, E2F3, HNF1A, ARID4A, 
MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, 
FOXJ2, TP53, PRKCH, LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, CUX1, NSD1, CLOCK, ABLIM1, 
KMT2D, ABLIM3, PPP3R1, PPM1A, CTCFL, KIT, RGMB, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, 
TMPRSS6, SIRT1, ATMIN, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, IRF4, TP53INP2, RNF41, 
TP53INP1 
1.598081777 1.56E-05 5.58E-07 4.07E-06 
GO:0045893~positive regulation of 
transcription, DNA-templated 
157 11.51026393 3.13E-09 
RNASEL, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, YY1, SIX3, FGF23, DLL1, 
HNF4G, GRHL2, PPARGC1B, HNF4A, MTF1, SERPINF2, MCIDAS, TRIM32, VEGFA, NFE2L1, RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, 
ONECUT2, SOX4, NFKBIA, MYT1, SRC, NR2C2, PLAGL1, OVOL2, TNKS, ASXL2, PLAG1, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, FOXP3, 
USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, TCF12, FOXI1, KLF4, E2F3, HNF1A, ARID4A, 
MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, 
FOXJ2, TP53, PRKCH, LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, CUX1, NSD1, CLOCK, ABLIM1, 
KMT2D, ABLIM3, PPP3R1, PPM1A, CTCFL, KIT, RGMB, XBP1, BCL11B, POU2F1, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, 
SIRT1, ATMIN, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, IRF4, TP53INP2, RNF41, TP53INP1 
1.591291761 2.39E-05 8.24E-07 6.23E-06 
GO:1903508~positive regulation of nucleic 
acid-templated transcription 
157 11.51026393 3.13E-09 
RNASEL, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, YY1, SIX3, FGF23, DLL1, 
HNF4G, GRHL2, PPARGC1B, HNF4A, MTF1, SERPINF2, MCIDAS, TRIM32, VEGFA, NFE2L1, RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, 
ONECUT2, SOX4, NFKBIA, MYT1, SRC, NR2C2, PLAGL1, OVOL2, TNKS, ASXL2, PLAG1, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, FOXP3, 
USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, TCF12, FOXI1, KLF4, E2F3, HNF1A, ARID4A, 
MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, 
FOXJ2, TP53, PRKCH, LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, CUX1, NSD1, CLOCK, ABLIM1, 
KMT2D, ABLIM3, PPP3R1, PPM1A, CTCFL, KIT, RGMB, XBP1, BCL11B, POU2F1, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, 
SIRT1, ATMIN, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, IRF4, TP53INP2, RNF41, TP53INP1 
1.591291761 2.39E-05 8.24E-07 6.23E-06 
GO:0051173~positive regulation of 
nitrogen compound metabolic process 
187 13.70967742 4.64E-09 
NCBP2, RNASEL, LHCGR, RORA, JAG1, CXCL11, CXCL10, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, SAMD4A, PID1, SATB2, RET, 
DAB2IP, MTA2, STRN3, YY1, SIX3, FGF23, DLL1, HNF4G, GRHL2, PPARGC1B, CRHR1, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, MC2R, TRIM32, PDGFRA, 
CELF3, PDGFRB, NFE2L1, RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, LIN28A, SRC, NR2C2, PLAGL1, SLX4, 
ECE1, OVOL2, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, WHSC1, HGF, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, 
CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, TRPS1, GTF2F1, ZIC5, RBMXL1, AREG, TCF12, FOXI1, KLF4, OPRM1, E2F3, HNF1A, ARID4A, CPEB3, MITF, PPARG, 
ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, GUCY1A3, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, 
FOXJ2, TP53, PRKCH, LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, PLA2G6, CUX1, NSD1, CLOCK, 
CALCR, ABLIM1, KMT2D, ABLIM3, UNG, PPM1A, PPP3R1, KITLG, CTCFL, KIT, CALCA, RGMB, MPV17L2, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, 
TNRC6B, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, ATMIN, SIRT1, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, OBFC1, ATXN7, 
HEYL, IRF1, NEUROD2, KDM8, IRF4, IGFBP3, TP53INP2, RNF41, TP53INP1, HTR2A 
1.508917355 3.54E-05 1.18E-06 9.23E-06 
GO:0031328~positive regulation of cellular 
biosynthetic process 
184 13.48973607 5.08E-09 
RNASEL, SNCA, LHCGR, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, SAMD4A, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, 
YY1, SIX3, FGF23, DLL1, HNF4G, GRHL2, IRS1, PPARGC1B, CRHR1, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, MC2R, TRIM32, PDGFRA, PDGFRB, NFE2L1, 
RELN, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, LIN28A, SRC, NR2C2, PLAGL1, ECE1, OVOL2, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, ARPP19, SMAD4, MSTN, SKI, HGF, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, 
HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, AREG, TCF12, FOXI1, KLF4, OPRM1, E2F3, HNF1A, ARID4A, CPEB3, MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, 
1.513294577 3.88E-05 1.25E-06 1.01E-05 
 185 
TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, GUCY1A3, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, FOXJ2, TP53, PRKCH, LEF1, 
PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, DGAT1, MYRF, PLA2G6, CUX1, NSD1, CLOCK, CALCR, ABLIM1, 
KMT2D, ABLIM3, PPM1A, PPP3R1, KITLG, CTCFL, KIT, CALCA, RGMB, MPV17L2, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, 
LMNA, CREB5, SNAI1, TMPRSS6, ATMIN, SIRT1, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, OBFC1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, 
SVIP, IRF4, HTR2C, TP53INP2, RNF41, TP53INP1, HTR2A 
GO:0007267~cell-cell signaling 112 8.211143695 7.79E-09 
SYT1, KCNC3, SLC6A1, ADCY5, SLC6A3, SNCA, SYT9, ILDR2, ILDR1, SIDT2, CALB1, S1PR2, WNT1, SLC16A1, CRY2, ANK2, GATA3, LGI1, SIX3, FGF23, DLL1, 
IRS1, PCLO, CRHR1, MAP4K4, UCN2, HNF4A, RELN, VAMP2, GLP1R, NETO2, GNAI2, DRD2, CRTC1, CACNB1, SOX4, SNX4, CACNB3, MYT1, RIMS4, RIMS3, 
EPHB2, GRID2IP, GABRA3, MET, IL1RN, SMAD4, HGF, CACNA2D2, HDAC1, TMOD2, CACNA1E, ADRA1D, NAT8L, OPRM1, GFAP, JPH3, HNF1A, CPEB3, GLRA3, 
SYNJ1, PPARG, BCAN, LGR4, WISP2, TRIM9, MAPT, DLG3, STX1A, NOS1AP, NRXN2, CNTNAP4, CFTR, PFKM, PRKCE, INHBB, ACVR2B, MYRIP, DGAT1, GRM7, 
CNTN2, PLA2G6, CLOCK, CPLX2, RAB3B, CCR1, TH, CTNND2, KIT, FKBP1B, NETO1, HMMR, SHISA7, XBP1, LRRTM2, SYN2, TOR1A, POU2F1, PER2, NFATC4, 
NOS1, NCDN, CREB1, DGKI, SIRT1, WNT2B, DKK1, PNOC, NEUROD2, ADGRL1, HTR2C, HTR2A 
1.73981377 5.94E-05 1.86E-06 1.55E-05 
GO:0006357~regulation of transcription 
from RNA polymerase II promoter 
181 13.26979472 8.15E-09 
RNASEL, JAG1, RORA, NLRC5, WNT1, DDX17, CRY2, OLIG3, MYOCD, GATA3, WDR77, MED27, CREB3L1, RARB, TWIST2, PID1, SATB1, SATB2, DAB2IP, MTA2, 
STRN3, YY1, SIX3, ZHX2, DLL1, GRHL2, PKIA, PPARGC1B, MED19, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, NFE2L1, TGIF2, ATXN1L, GLP1R, 
SUPT6H, CAMTA1, HOXA13, DRD2, STRAP, CRTC1, TFCP2L1, ONECUT2, SOX4, NFKBIA, MYT1, GREM2, NR2C2, PLAGL1, TAL2, FOXQ1, OVOL2, RNF165, 
OVOL1, TFDP2, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, UBP1, USF1, FOXP1, ZBTB42, FOXP2, 
NOTCH3, CDKN1C, NOTCH2, DLX1, NOTCH1, NR1I2, CSRNP3, HDAC1, NEDD4, TRPS1, GTF2F1, ATF7, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, 
CREBRF, HNF1A, ARID4A, CPEB3, MITF, PPARG, ARID4B, RHOQ, ZEB1, CBFA2T3, TMEM173, MAZ, PEX2, PAX7, RTF1, WWC3, MKX, AGAP2, MYC, FOSL1, 
TBL1XR1, FOXJ2, TP53, LEF1, ERLIN1, FOSB, SPEN, DDN, NRIP2, PURB, MYCN, FOXR2, PRKCB, PRKD1, ACVR2B, NCOA1, CCND1, MDM4, CUX1, NSD1, CLOCK, 
ABLIM1, FRK, ZMYND11, KMT2D, ABLIM3, PPM1A, PPP3R1, CTCFL, RGMB, XBP1, BCL11B, POU2F1, PER2, GATAD2B, BCL6, NFATC4, BCL9L, ZSCAN29, 
PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, SIRT1, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, DKK1, SP2, ATXN7, HEYL, IRF1, NEUROD2, 
ZBTB4, KDM4C, IRF4, LRP4 
1.510865063 6.22E-05 1.88E-06 1.62E-05 
GO:0051094~positive regulation of 
developmental process 
141 10.3372434 1.15E-08 
SYT1, PDLIM7, PGF, SLC6A3, TNFSF14, JAG1, PNP, S1PR2, WNT1, BRINP1, PTGIS, MYOCD, GATA3, SERPINE1, RRAS, RARB, DISC1, RAB21, FNDC3B, LRRC7, 
RET, DAB2IP, DLL1, PPARGC1B, NUMBL, SLITRK4, SERPINF2, TRIM32, FOXG1, VEGFA, PDGFRB, AKAP6, TGIF2, RELN, ATXN1L, ASB4, NEK5, GLP1R, SUCO, 
CAV3, GCNT2, DRD2, CRTC1, DAG1, LIN28A, NR2C2, SRC, EPHB2, PPP1R16B, ACE, TRIM67, OVOL2, AXIN2, TMEM79, CSF1R, ASXL2, PLAG1, DIXDC1, ZBTB46, 
MAP2K1, MET, SMAD4, WHSC1, HGF, FOXP3, CACNA2D2, FOXP1, FOXP2, CORO1C, NOTCH2, EPHA4, SEMA6A, NOTCH1, HDAC1, PLCG1, RGS6, MARCKS, 
TCF12, ARSB, OPRM1, GFAP, CPEB3, PPARG, SYNJ1, ZEB1, FES, LGR4, HPSE, MAPT, EEF2K, LTF, PLCB1, AGAP2, MYC, SH3PXD2B, TP53, PRKCH, LEF1, SPEN, 
MYADM, PRKCB, PRKD1, ACVR2B, NCOA1, CCND1, MYRF, CUX1, UNG, CCR1, KITLG, KIT, FKBP1B, CALCA, FNDC5, XBP1, BCL2, LRRTM2, BCL6, BCL9L, INPP5D, 
NEDD4L, THPO, PTPRD, DNM1L, CREB1, ASIC2, AXL, LMNA, SNAI1, MARCH5, SIRT1, TP73, WNT2B, DKK1, HEYL, NEUROD2, KDM4C, ADGRL1, IGFBP3, 
HTR2C, HTR2A 
1.608744448 8.77E-05 2.58E-06 2.29E-05 
GO:0009891~positive regulation of 
biosynthetic process 
185 13.56304985 1.31E-08 
RNASEL, SNCA, LHCGR, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, SAMD4A, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, 
YY1, SIX3, FGF23, DLL1, HNF4G, GRHL2, IRS1, PPARGC1B, CRHR1, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, MC2R, TRIM32, PDGFRA, PDGFRB, NFE2L1, 
RELN, GLP1R, SUCO, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, LIN28A, SRC, NR2C2, PLAGL1, ECE1, OVOL2, TNKS, PLAG1, 
ASXL2, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, ARPP19, SMAD4, MSTN, SKI, HGF, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, 
CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, RBMXL1, AREG, TCF12, FOXI1, KLF4, OPRM1, E2F3, HNF1A, ARID4A, CPEB3, MITF, PPARG, ARID4B, RHOQ, ZEB1, 
LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, GUCY1A3, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, FOXJ2, TP53, PRKCH, 
LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, DGAT1, MYRF, PLA2G6, CUX1, NSD1, CLOCK, CALCR, ABLIM1, 
KMT2D, ABLIM3, PPM1A, PPP3R1, KITLG, CTCFL, KIT, CALCA, RGMB, MPV17L2, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, 
LMNA, CREB5, SNAI1, TMPRSS6, ATMIN, SIRT1, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, OBFC1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, 
SVIP, IRF4, HTR2C, TP53INP2, RNF41, TP53INP1, HTR2A 
1.49195034 9.99E-05 2.85E-06 2.60E-05 
GO:0006928~movement of cell or 
subcellular component 
167 12.24340176 1.59E-08 
PVR, DYNC1LI1, SRCIN1, TNFSF14, CXCL11, AMOTL1, VCL, CXCL10, KIF13A, CD47, ANK2, OLIG3, UNC5A, ANK3, GATA3, PDE4B, SERPINE1, GAB1, RRAS, 
LGI1, MTUS1, DISC1, RAB21, FNDC3B, RECK, RBFOX2, SATB2, RET, DAB2IP, PTPRM, ROCK1, SCN2B, EFNB3, TMEM201, MTA2, EFNB1, PTPRR, SIX3, SOCS7, 
MYH9, IRS1, NAV1, LYST, TRIM32, FOXG1, VEGFA, PDGFRA, CELF3, PDGFRB, AKAP6, RELN, STC1, STMN1, CAV3, GCNT2, PPP2R3A, STRAP, DRD2, PEAK1, 
ONECUT2, DAG1, ULK4, SRC, EPHB2, ALCAM, IRAK4, ACE, OVOL2, PVRL1, RNF165, ARHGDIB, CSF1R, DIXDC1, MUC2, ABR, MYO1C, MAP2K1, PODXL, IL1RN, 
MET, NR4A2, SMAD4, HACE1, HGF, DOCK8, GAS1, GAS8, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, PLCG1, CXCL16, CACNA1E, KLF4, NRP2, ARSB, MITF, 
AP3S2, PIP5K1A, FES, PEX2, MAPT, SEMA3E, CAP1, PLCB1, MYC, FMNL3, CCDC88A, KIF17, TP53, CHST3, LEF1, PADI2, DAPK2, PRKCE, MYADM, ELMO1, 
BBS1, PRKD1, PRKCQ, SEMA4F, CNTN2, SEMA4C, SEMA4B, TREM1, USP24, SRGAP2, PARVA, ABLIM1, FUT8, CCR1, KITLG, KLC2, KIT, CALCA, CCL22, FAT3, 
BCL2, BCL11B, MARVELD3, FAT2, TOR1A, BCL6, SCNN1G, NEDD4L, DCX, SELPLG, INPP5B, PLET1, SWAP70, AXL, LMNA, TNP1, DPYSL4, ATP1A2, SNAI1, 
BRAT1, CDH13, PPP1R9B, RPL13A, PLN, GFRA1, IGFBP3, RNF41, TP53INP1 
1.528396014 1.21E-04 3.37E-06 3.16E-05 
GO:0060341~regulation of cellular 
localization 
141 10.3372434 1.71E-08 
NCBP2, SYT1, CHMP3, KCNC3, SRCIN1, VTCN1, PPP2R5A, ADCY5, XPO4, SNCA, LHCGR, TNFSF14, SYT9, ILDR1, CXCL11, SIDT2, CXCL10, SLC16A1, CRY2, 
ANK2, ATG5, ANK3, MDFIC, GATA3, RAB29, MS4A2, VPS4A, LGI3, SAR1A, RAB21, PID1, DAB2IP, FGF23, CDKL2, PKIA, IRS1, PCLO, CRHR1, MAP4K4, UCN2, 
HNF4A, VEGFA, AKAP6, ATPIF1, VAMP2, CLIP3, GLP1R, SUPT6H, DRD2, KCNA2, SOX4, NFKBIA, SNX4, MYT1, GPR143, SRC, RIMS4, RIMS3, OAZ2, GOLPH3L, 
AXIN2, CSF1R, ABR, MYO1C, MAP2K1, IL1RN, PTPN14, SMAD4, GAS1, FOXP3, FOXP1, NOTCH1, UACA, HDAC1, PLCG1, NEDD4, CACNA1E, CREBRF, OPRM1, 
LZTS2, HNF1A, DPH6, PPARG, RHOQ, FES, LGR4, TMEM173, NMUR1, TRIM9, MAPT, PLCB1, STX1A, ANP32B, ZDHHC8, CFTR, EDAR, PFKM, PRKCE, PRKCB, 
PRKD1, INHBB, PRKCQ, MYRIP, GRM7, PLA2G6, CLOCK, CLDN18, RAB3B, ABLIM3, PPFIA1, ATG13, PPP3R1, PPM1A, FKBP1A, FKBP1B, CALCA, XBP1, BCL2, 
SYN2, TOR1A, PER2, NEDD4L, LYPLAL1, ELMOD1, PIK3R2, NOS1, DNM1L, CNST, CREB1, LMNA, LRRC46, TMBIM1, SIRT1, PPP1R9B, KCNN3, PLN, SVIP, 
HTR2C, LRP4, TP53INP2, HTR2A 
1.598697644 1.31E-04 3.54E-06 3.41E-05 
GO:0006796~phosphate-containing 
compound metabolic process 
269 19.72140762 2.07E-08 
CTTNBP2NL, LDHA, FASTKD2, PPP2R5A, ADCY5, SNCA, PGD, LHCGR, PLPPR2, LPAR2, RORA, ITSN1, S1PR2, CRY2, GAB1, DAB2IP, PTPRM, ROCK1, PTPRR, 
PPARGC1B, CRHR1, NAPEPLD, HNF4A, SERPINF2, VEGFA, MC2R, PDGFRA, PDGFRB, ATPIF1, NEK5, PLA2G2F, ALDOA, GCNT2, GNAI2, PFKFB3, DAG1, 
BDKRB2, EPHB2, ACE, LPCAT1, SERINC1, IDH1, CDA, TNKS, GPD2, BMP3, UNC119, PTPN18, MAP2K1, IL1RN, SMAD4, PTPN14, MSTN, HGF, OXSR1, RPS6KL1, 
EPHA4, CSRNP3, GRK6, MARCKS, FUK, AREG, KLF4, BMP8B, PLA2G4D, OPRM1, SYNJ1, PDE11A, CCNE2, CDS2, TKFC, EEF2K, GUCY1A3, TGFA, MYC, AGAP2, 
PGAP2, PHKG2, TP53, PI4KB, IL6R, MYADM, INHBB, MAST3, CCND1, MAP3K15, KSR2, ADK, GRM7, SEMA4C, WNT9B, PLA2G6, MAP3K14, KSR1, NSD1, 
ZMYND11, FUT8, CCR1, ATG13, HK1, BCCIP, FKBP1A, KIT, FKBP1B, GCH1, CCL22, ACSL1, DGKB, XBP1, SPEG, BCL2, MLLT1, GK5, SHMT1, CNST, NOS1, 
PLA2G15, SWAP70, PDK3, AXL, PPP1R11, ATP1A2, DGKI, MID1, BRAT1, TP73, DUSP4, RPS6KA4, DKK1, MAPK13, SDHC, DGKZ, HTR2C, LRP4, HTR2A, RNASEL, 
PSTK, SRCIN1, CTDSPL, STK35, CXCL11, PNP, CXCL10, NLRC5, WNT1, MYOCD, MDFIC, PDE4B, RRAS, CTDSP2, SPRED1, SAR1A, PID1, RET, PDXK, CSNK1G1, 
FGF23, SOCS4, CDKL2, IRS1, PKIA, MAP4K4, PNPLA8, UCN2, RELT, GPR55, LYST, AKAP6, RELN, CLIP3, ERC1, CAV3, SNX9, DRD2, STRAP, PEAK1, EPHA10, 
ULK4, SRC, NR2C2, IRAK4, PPP1R16B, ECE1, SBK1, LMTK3, AXIN2, STK38L, CSF1R, DIXDC1, MET, ARPP19, AK3, AK4, LHPP, AK9, CORO1C, CDKN1C, IKBKE, 
AKTIP, PLCG1, HDAC1, NDST1, SGPP1, PRKAG1, RHOQ, PIP5K1A, CBFA2T3, FES, PDCD4, RSPO1, LTF, DLG3, ABHD12, PLCB1, IRAK2, TBL1XR1, PIGZ, 
CCDC88A, CYCS, RIMBP2, NDUFC2, PRKCH, CDK6, PFKM, DAPK2, PRKCE, TBCK, PRKCB, PRKD1, PRKCQ, ACVR2B, UBE2K, PPM1M, PLPP5, CALCR, FRK, 
RTN4RL1, SNX15, PPP3R1, PPM1A, CTNND1, KITLG, CALCA, MARVELD3, UCK2, INPP5D, DCX, INPP5B, EHD4, THPO, PIK3R2, PTPRB, PTPRD, NCEH1, DNM1L, 
CREB1, SIRT6, RCAN1, AMPD2, SIRT1, CDC25A, TMEM55A, PPP1R9B, PRLR, ATXN7, SMPD1, IRF1, IGFBP3, RNF41 
1.363240394 1.58E-04 4.15E-06 4.11E-05 
GO:0050767~regulation of neurogenesis 97 7.11143695 2.13E-08 ARSB, OPRM1, SYT1, GFAP, SRCIN1, CPEB3, ADCY5, PPARG, SYNJ1, ZEB1, JAG1, FES, HOOK3, MBP, BRINP1, XYLT1, MAPT, RAB29, GATA3, SEMA3E, ANP32A, 1.792443769 1.63E-04 4.17E-06 4.24E-05 
 186 
EEF2K, RARB, MYC, DISC1, RAB21, LRRC7, RET, DAB2IP, CCDC88A, TP53, SIX3, ZHX2, PRKCH, DLL1, SPEN, NUMBL, MYCN, PRKD1, MAP4K4, NCOA1, SEMA4F, 
VEGFA, TRIM32, FOXG1, CNTN2, SEMA4C, SEMA4B, TGIF2, RELN, CUX1, SRGAP2, RAP1GAP, DRD2, CRTC1, KIT, ULK4, LIN28A, FKBP1B, EPHB2, ACE, TRIM67, 
FAT3, BCL2, BCL11B, PER2, BCL6, NFATC4, NEDD4L, TLX2, PLAG1, DIXDC1, PTPRD, NOS1, MAP2K1, CREB1, MET, SKI, HGF, SIRT1, TP73, NOTCH3, EPHA4, 
SEMA6A, DLX1, NOTCH1, DKK1, HDAC1, NEDD4, HEYL, RGS6, NEUROD2, KDM4C, MARCKS, TCF12, LRP4, KLF4 
GO:0006366~transcription from RNA 
polymerase II promoter 
172 12.60997067 2.44E-08 
RNASEL, JAG1, RORA, NLRC5, WNT1, DDX17, CRY2, OLIG3, MYOCD, GATA3, CREB3L1, RARB, TWIST2, PID1, SATB1, SATB2, DAB2IP, MTA2, STRN3, YY1, 
SIX3, ZHX2, DLL1, GRHL2, PKIA, PPARGC1B, ELL2, HNF4A, MTF1, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, NFE2L1, TGIF2, ATXN1L, GLP1R, SUPT6H, 
CAMTA1, HOXA13, DRD2, STRAP, CRTC1, TFCP2L1, ONECUT2, SOX4, NFKBIA, MYT1, GREM2, NR2C2, PLAGL1, OVOL2, RNF165, OVOL1, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, TAF5, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, USF1, FOXP1, ZBTB42, FOXP2, NOTCH3, CDKN1C, NOTCH2, DLX1, 
NOTCH1, NR1I2, CSRNP3, HDAC1, NEDD4, TRPS1, GTF2F1, ATF7, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, ARID4A, CPEB3, 
MITF, PPARG, ARID4B, RHOQ, ZEB1, CBFA2T3, TMEM173, MAZ, PEX2, PAX7, RTF1, WWC3, MKX, AGAP2, MYC, FOSL1, TBL1XR1, FOXJ2, TP53, LEF1, ERLIN1, 
FOSB, SPEN, DDN, NRIP2, PURB, MYCN, PRKD1, ACVR2B, NCOA1, CCND1, MDM4, CUX1, NSD1, CLOCK, ABLIM1, FRK, ZMYND11, KMT2D, POLR2F, ABLIM3, 
PPM1A, PPP3R1, CTCFL, RGMB, XBP1, BCL11B, POU2F1, PER2, GATAD2B, BCL6, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, 
SIRT1, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, DKK1, ATXN7, HEYL, IRF1, NEUROD2, ZBTB4, IRF4, LRP4 
1.507656105 1.86E-04 4.65E-06 4.85E-05 
GO:0000904~cell morphogenesis involved 
in differentiation 96 7.038123167 2.54E-08 
NRP2, SRCIN1, FGFRL1, MBP, VCL, GP5, ANK3, UNC5A, MAPT, GATA3, SEMA3E, EEF2K, LRRC55, LGI1, DISC1, RAB21, FNDC3B, RBFOX2, DAB2IP, RET, 
PTPRM, ROCK1, EFNB3, EFNB1, LEF1, COL25A1, MYH9, MYADM, GRHL2, NUMBL, BBS1, SLITRK4, VSIG1, SEMA4F, CLIC5, FOXG1, VEGFA, CNTN2, WNT9B, 
SEMA4C, SEMA4B, STC1, RELN, STMN1, JMJD1C, CUX1, SRGAP2, PARVA, ABLIM1, GCNT2, HOXA13, STRAP, DRD2, PEAK1, CTNND2, PPP3R1, DAG1, SRC, 
EPHB2, ALCAM, NPTX1, FAT3, OVOL2, PVRL1, RNF165, BCL2, BCL11B, NFATC4, BCL9L, DCX, AXIN2, TLX2, CSF1R, DIXDC1, PTPRD, AKIP1, MAP2K1, CREB1, 
MET, NR4A2, SMAD4, AXL, GAS1, TRIM62, SNAI1, RAPH1, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, DKK1, NEDD4, HEYL, MARCKS, LRP4 
1.792206253 1.94E-04 4.73E-06 5.05E-05 
GO:0031175~neuron projection 
development 107 7.84457478 2.62E-08 
SYT1, SRCIN1, ADCY5, VCL, GP5, ANK3, UNC5A, GATA3, RAB29, LRRC55, LGI1, RAB21, LRRC7, DISC1, RBFOX2, DBNL, DAB2IP, RET, PTPRM, STMN3, EFNB3, 
EFNB1, NUMBL, MAP4K4, SLITRK4, FOXG1, TRIM32, VEGFA, RELN, STMN1, NGB, DRD2, CRTC1, DAG1, NRN1, EPHB2, CALU, ALCAM, TRIM67, PVRL1, 
RNF165, CSF1R, DIXDC1, MAP2K1, MET, SMAD4, NR4A2, GAS1, HGF, FOXP1, SEMA6A, EPHA4, NOTCH1, NEDD4, MARCKS, AREG, KLF4, NRP2, ARSB, GFAP, 
CPEB3, FES, MBP, SPRY3, XYLT1, MAPT, SEMA3E, CAMSAP1, EEF2K, ANP32A, CNTNAP2, CNTNAP1, NOS1AP, CHST3, COL25A1, BBS1, PRKD1, SEMA4F, 
CNTN2, SEMA4C, SEMA4B, CUX1, MAP3K14, SRGAP2, ABLIM1, CTNND2, FKBP1B, NPTX1, FAT3, BCL2, BCL11B, TOR1A, NFATC4, NEDD4L, ACSL4, DCX, TLX2, 
PTPRD, GNAO1, NCDN, CREB1, DPYSL4, SIRT1, RAPH1, PPP1R9B, GFRA1, LRP4 
1.726782427 2.00E-04 4.76E-06 5.20E-05 
GO:0010557~positive regulation of 
macromolecule biosynthetic process 
171 12.53665689 2.76E-08 
RNASEL, RORA, JAG1, NLRC5, WNT1, DDX17, MYOCD, MDFIC, GATA3, CREB3L1, RARB, SAMD4A, PID1, SATB2, RET, DAB2IP, MTA2, STRN3, YY1, SIX3, FGF23, 
DLL1, HNF4G, GRHL2, IRS1, PPARGC1B, HNF4A, MTF1, SERPINF2, MCIDAS, VEGFA, TRIM32, PDGFRA, PDGFRB, NFE2L1, RELN, GLP1R, SUCO, SUPT6H, 
CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, LIN28A, SRC, NR2C2, PLAGL1, OVOL2, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, 
MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, HGF, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, GTF2F1, TRPS1, ZIC5, 
RBMXL1, AREG, TCF12, FOXI1, KLF4, E2F3, HNF1A, ARID4A, CPEB3, MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, RTF1, LTF, 
MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, FOXJ2, TP53, PRKCH, LEF1, PADI2, ERLIN1, FOSB, IL6R, SPEN, NFAM1, DDN, MYCN, 
PRKCB, PRKD1, PRKCQ, NCOA1, MYRF, CUX1, NSD1, CLOCK, ABLIM1, KMT2D, ABLIM3, PPP3R1, PPM1A, KITLG, CTCFL, KIT, RGMB, MPV17L2, XBP1, BCL11B, 
POU2F1, CHD1, NFATC4, BCL9L, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, ATMIN, SIRT1, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, 
PKNOX1, OBFC1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, SVIP, IRF4, TP53INP2, RNF41, TP53INP1 
1.507076352 2.11E-04 4.90E-06 5.49E-05 
GO:0043269~regulation of ion transport 82 6.011730205 2.85E-08 
OPRM1, CALHM1, JPH3, KCNC3, SLC6A1, LHCGR, SNCA, CXCL11, CXCL10, TMEM109, CRY2, KCNQ3, ATG5, ANK2, ANK3, PDE4B, SERPINE1, MS4A2, SCN2B, 
NOS1AP, FGF23, CACNG4, CFTR, CACNG2, PRKCE, PRKCB, PRKD1, CRHR1, GRM7, CLIC5, PDGFRB, AKAP6, PLA2G6, KCNH7, STC1, RELN, VAMP2, GLP1R, 
CAV3, NETO2, FXYD2, SCN1A, RAB3B, GNAI2, DRD2, CCR1, KCNA2, CACNB1, HK1, SNX4, FKBP1A, CACNB3, FKBP1B, TPCN2, CALCA, ACE, KCNS2, BEST1, 
BCL2, TOR1A, PER2, NEDD4L, SLC31A2, ACSL4, HCN3, NOS1, GNAO1, IL1RN, ASIC2, OXSR1, ATP1A2, CACNA2D2, PLCG1, KCNJ8, NEDD4, PLN, GRK6, 
CACNA1E, HTR2C, SCN4A, NAT8L, HTR2A 
1.893474929 2.18E-04 4.95E-06 5.67E-05 
GO:0048584~positive regulation of 
response to stimulus 
189 13.85630499 3.07E-08 
PVR, RNASEL, SLC44A2, SLC6A1, SNCA, LHCGR, TNFSF14, LPAR2, JAG1, ITSN1, CXCL11, CXCL10, SHKBP1, NLRC5, WNT1, CD47, DDX17, PTGIS, ATG5, 
MYOCD, MDFIC, GATA3, PDE4B, SERPINE1, GAB1, MS4A2, SPRED1, DISC1, RET, DAB2IP, GBP5, FGF23, DLL1, RAD9A, IRS1, CRHR1, GPR55, RELT, HNF4A, 
SERPINF2, VEGFA, TRIM32, PDGFRA, PDGFRB, AKAP6, ATPIF1, RELN, PPP2R3A, GCNT2, GNAI2, DRD2, SOX4, NFKBIA, CACNB3, SNX4, SRC, NR2C2, RIMS3, 
IRAK4, PEA15, ACE, AMER1, ECE1, GMIP, RNF165, PVRL2, TNKS, BMF, CSF1R, ASXL2, DIXDC1, BMP3, ESRRA, MYO1C, MAP2K1, IL1RN, MET, ARPP19, 
SMAD4, MSTN, WHSC1, HGF, GAS1, FOXP3, TRIM62, KCNK3, FAM131B, CDKN1C, NOTCH2, EPHA4, IKBKE, EI24, NOTCH1, PLCG1, HDAC1, NEDD4, TRPS1, 
TMOD2, MARCKS, BMP8B, OPRM1, CREBRF, CRNKL1, SHOC2, PEX3, LGR4, TMEM173, RSPO1, HPSE, TKFC, LTF, TGFA, PLCB1, AGAP2, MYC, CASP2, IRAK2, 
FLOT2, TP53, CHST3, PRKCH, CFTR, IL6R, EDAR, NFAM1, DAPK2, PRKCE, ZCCHC17, PRKCB, PRKD1, INHBB, PRKCQ, ACVR2B, ZDHHC17, KSR2, MAP3K15, 
UBE2K, CNTN2, SEMA4C, PLA2G6, TREM1, MAP3K14, KSR1, CLOCK, KMT2D, CCR1, UNG, ATG13, PPM1A, HK1, KITLG, CALCOCO2, FKBP1A, KIT, FKBP1B, 
CALCB, MOAP1, CCL22, TSPAN33, XBP1, RASGRP4, BCL2, NFATC4, PAFAH1B2, MLLT3, THPO, NOS1, CR2, DNM1L, SWAP70, MAP1A, AXL, TSPAN14, MAL, 
DGKI, MID1, SIRT1, SGTA, TP73, WNT2B, CDH13, IRF1, NEUROD2, MEX3C, IRF4, IGFBP3, HTR2C, TP53INP1, HTR2A 
1.467183279 2.34E-04 5.20E-06 6.10E-05 
GO:0045596~negative regulation of cell 
differentiation 
93 6.818181818 3.46E-08 
GFAP, ADCY5, PPARG, ZEB1, JAG1, RORA, CXCL10, MBP, HOOK3, WNT1, S1PR3, MYOCD, XYLT1, GATA3, RAB29, SEMA3E, MED27, RTF1, ANP32A, MKX, 
RARB, MYC, TWIST2, FNDC3B, DAB2IP, ANP32B, ZHX2, TP53, SIX3, FGF23, CDK6, DLL1, GRHL2, MYCN, MAP4K4, CCND1, GPR55, SEMA4F, FOXG1, VEGFA, 
CNTN2, WNT9B, SEMA4C, SEMA4B, JMJD1C, SRGAP2, CAV3, CLDN18, RAP1GAP, STRAP, NFKBIA, SOX4, KIT, LIN28A, EPHB2, CALCA, FAT3, OVOL2, XBP1, 
BCL2, BCL6, NFATC4, BCL9L, INPP5D, AXIN2, TLX2, DIXDC1, ZBTB46, MSTN, SKI, RCAN1, FOXP3, TRIM62, SNAI1, SIRT1, COL5A2, TP73, FOXP1, CORO1C, 
NOTCH3, EPHA4, SEMA6A, NOTCH1, DLX1, DKK1, PHF19, HDAC1, IRF1, AREG, LRP4, KLF4, NCOR2, TOB2 
1.801017933 2.64E-04 5.74E-06 6.88E-05 
GO:0044093~positive regulation of 
molecular function 
159 11.6568915 4.24E-08 
SRCIN1, SNCA, LHCGR, LPAR2, RASGEF1C, ITSN1, WNT1, ANK2, MYOCD, ANK3, MDFIC, GATA3, GAB1, MS4A2, RET, DAB2IP, PSD3, RAP1GDS1, FGF23, 
RIC8B, IRS1, GRHL2, PPARGC1B, FARP2, CRHR1, GPR55, SGSM2, HNF4A, TRIM32, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, NGB, NEK5, ADD2, PACS1, SNX9, 
FZR1, RALGPS2, RALGPS1, GNAI2, DRD2, CRTC1, SIPA1, SRC, SLX4, ACE, GMIP, SERINC1, TNKS, AXIN2, TBC1D30, FGD6, FGD3, CSF1R, HIP1, UNC119, 
ARHGEF33, ABR, MAP2K1, IL1RN, MET, NR4A2, DOCK9, SKI, HGF, DOCK8, OXSR1, TRIM62, DOCK3, CORO1C, TBC1D25, EPHA4, UACA, AKTIP, DCP1A, 
GTF2F1, PKP4, RGS6, MARCKS, DNAJB1, KLF4, PPARG, PIP5K1A, TMEM173, NMUR1, ARHGAP1, LTF, TGFA, LRRFIP1, PLCB1, AGAP2, MYC, GPIHBP1, FOSL1, 
ALS2CL, IRAK2, ARHGEF3, CCDC88A, ANP32B, RAB4A, CYCS, PRKCH, CFTR, IL6R, ARHGEF9, NFAM1, PRKCE, ARHGAP26, PRKCB, PRKD1, PRKCQ, ACVR2B, 
CCND1, MAP3K15, PSME1, DNAJC24, WNT9B, PSME3, CLOCK, SRGAP2, CALCR, APH1A, RAP1GAP, ATG13, CYTH4, KITLG, FKBP1A, KIT, GCH1, CALCA, 
PLEKHG2, CCL22, ACSL1, RASGRP4, ARHGAP44, BCL2, CHM, NEDD4L, RASA4, ELMOD1, TBC1D2, NOS1, GNAO1, ASIC2, SIRT1, TRIM21, RALGDS, TP73, 
PRLR, OBFC1, NEUROD2, IRF4, EVI5L, IGFBP3, RNF41, HTR2A 
1.525343309 3.24E-04 6.89E-06 8.43E-05 
GO:0016477~cell migration 126 9.237536657 4.54E-08 
PVR, TNFSF14, AMOTL1, CXCL11, CXCL10, CD47, OLIG3, GATA3, PDE4B, SERPINE1, RRAS, MTUS1, FNDC3B, DISC1, RECK, RBFOX2, SATB2, DAB2IP, RET, 
PTPRM, ROCK1, TMEM201, MTA2, EFNB1, SIX3, PTPRR, SOCS7, MYH9, IRS1, NAV1, LYST, FOXG1, TRIM32, VEGFA, PDGFRA, PDGFRB, STC1, RELN, GCNT2, 
STRAP, DRD2, ONECUT2, PEAK1, DAG1, ULK4, SRC, IRAK4, ACE, OVOL2, ARHGDIB, CSF1R, MUC2, DIXDC1, ABR, MYO1C, MAP2K1, PODXL, MET, IL1RN, 
NR4A2, DOCK8, HGF, FOXP1, CORO1C, SEMA6A, EPHA4, NOTCH1, PLCG1, CXCL16, KLF4, NRP2, ARSB, MITF, PIP5K1A, PEX2, MAPT, SEMA3E, CAP1, PLCB1, 
MYC, FMNL3, CCDC88A, TP53, LEF1, PADI2, DAPK2, PRKCE, MYADM, ELMO1, BBS1, PRKD1, PRKCQ, SEMA4F, CNTN2, SEMA4C, SEMA4B, TREM1, USP24, 
PARVA, SRGAP2, FUT8, CCR1, KITLG, KIT, CALCA, CCL22, FAT3, BCL2, MARVELD3, FAT2, TOR1A, SCNN1G, DCX, SELPLG, PLET1, SWAP70, AXL, SNAI1, BRAT1, 
CDH13, PPP1R9B, RPL13A, GFRA1, IGFBP3, TP53INP1, RNF41 
1.625281181 3.47E-04 7.22E-06 9.03E-05 
GO:0045597~positive regulation of cell 
differentiation 108 7.917888563 5.14E-08 
SYT1, PDLIM7, TNFSF14, JAG1, PNP, S1PR2, BRINP1, MYOCD, GATA3, RARB, RAB21, LRRC7, FNDC3B, DISC1, DAB2IP, RET, PPARGC1B, NUMBL, SERPINF2, 
TRIM32, FOXG1, VEGFA, AKAP6, RELN, TGIF2, ASB4, NEK5, GLP1R, SUCO, CAV3, GCNT2, DRD2, CRTC1, LIN28A, NR2C2, EPHB2, ACE, TRIM67, OVOL2, 1.69948919 3.92E-04 8.00E-06 1.02E-04 
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AXIN2, CSF1R, ASXL2, PLAG1, DIXDC1, ZBTB46, MAP2K1, MET, SMAD4, HGF, FOXP3, FOXP1, SEMA6A, EPHA4, NOTCH2, NOTCH1, HDAC1, RGS6, MARCKS, 
TCF12, ARSB, OPRM1, GFAP, CPEB3, SYNJ1, PPARG, ZEB1, FES, MAPT, EEF2K, LTF, PLCB1, MYC, SH3PXD2B, LEF1, PRKCH, SPEN, MYADM, PRKD1, NCOA1, 
ACVR2B, CUX1, CCR1, KITLG, KIT, FKBP1B, CALCA, FNDC5, XBP1, BCL2, BCL6, BCL9L, NEDD4L, INPP5D, THPO, PTPRD, CREB1, LMNA, AXL, SNAI1, SIRT1, 
TP73, DKK1, HEYL, NEUROD2, KDM4C, HTR2C, IGFBP3, HTR2A 
GO:0051130~positive regulation of cellular 
component organization 141 10.3372434 5.36E-08 
SYT1, SLC6A1, SNCA, TNFSF14, WNT1, CD47, ATG5, ANK3, GATA3, SERPINE1, VPS4A, DISC1, RAB21, LRRC7, RET, DAB2IP, GBP5, ROCK1, DLL1, CDKL2, 
NUMBL, SLITRK4, SERPINF2, VEGFA, SURF4, PDGFRB, ATPIF1, RELN, CLIP3, CAV3, SNX9, GCNT2, HOXA13, DRD2, CRTC1, DAG1, LMAN1, NR2C2, SRC, EPHB2, 
RIMS3, SLX4, TRIM67, GMIP, CNOT6L, TNKS, AXIN2, BMF, HIP1, ASXL2, DIXDC1, ABR, MYO1C, MAP2K1, MET, SMAD4, MSTN, HGF, FOXP3, FAM131B, 
KCNK3, CORO1C, EPHA4, NOTCH1, MARCKS, ARSB, HNF1A, CRNKL1, CPEB3, WASF1, DPH6, MITF, PPARG, SYNJ1, RHOQ, VPS37B, PEX3, FES, NMUR1, MAPT, 
PAX7, RTF1, EEF2K, TGFA, PLCB1, FOSL1, ZDHHC8, TP53, CHST3, LEF1, PRKCE, ZCCHC17, MYADM, PRKD1, PRKCQ, TPPP, PLA2G6, TREM1, CUX1, RAP1GAP, 
ABLIM3, ATG13, HK1, CALCOCO2, KIT, FKBP1B, CALCB, MOAP1, MPV17L2, XBP1, LRRTM2, TOR1A, BCL6, BCL9L, NEDD4L, ELMOD1, SYNPO, PTPRD, NOS1, 
DNM1L, CNST, SWAP70, CREB1, MAP1A, ASIC2, LRRC46, AXL, SNAI1, MARCH5, SIRT1, GMFB, PPP1R9B, RPS6KA4, PHF19, OBFC1, KCNN3, NEUROD2, 
MEX3C, ADGRL1, IGFBP3, LRP4 
1.569296308 4.09E-04 8.18E-06 1.06E-04 
GO:0048870~cell motility 137 10.04398827 6.11E-08 
PVR, SRCIN1, TNFSF14, CXCL11, AMOTL1, CXCL10, VCL, CD47, OLIG3, GATA3, PDE4B, SERPINE1, GAB1, RRAS, MTUS1, DISC1, FNDC3B, RECK, RBFOX2, 
SATB2, DAB2IP, RET, PTPRM, ROCK1, TMEM201, MTA2, EFNB1, SIX3, PTPRR, SOCS7, MYH9, IRS1, NAV1, LYST, FOXG1, TRIM32, VEGFA, CELF3, PDGFRA, 
PDGFRB, STC1, RELN, GCNT2, PPP2R3A, STRAP, DRD2, PEAK1, ONECUT2, DAG1, ULK4, SRC, IRAK4, ACE, OVOL2, ARHGDIB, CSF1R, DIXDC1, MUC2, ABR, 
MYO1C, MAP2K1, PODXL, MET, IL1RN, NR4A2, HACE1, DOCK8, HGF, GAS8, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, PLCG1, CXCL16, CACNA1E, KLF4, 
NRP2, ARSB, MITF, PIP5K1A, PEX2, MAPT, SEMA3E, CAP1, PLCB1, MYC, FMNL3, CCDC88A, TP53, LEF1, PADI2, DAPK2, PRKCE, MYADM, ELMO1, BBS1, 
PRKD1, PRKCQ, SEMA4F, CNTN2, SEMA4C, SEMA4B, TREM1, USP24, PARVA, SRGAP2, FUT8, CCR1, KITLG, KIT, CALCA, CCL22, FAT3, BCL2, MARVELD3, 
FAT2, TOR1A, SCNN1G, DCX, SELPLG, INPP5B, PLET1, SWAP70, LMNA, AXL, TNP1, SNAI1, BRAT1, CDH13, PPP1R9B, RPL13A, GFRA1, IGFBP3, RNF41, 
TP53INP1 
1.579233595 4.66E-04 9.14E-06 1.21E-04 
GO:0009967~positive regulation of signal 
transduction 
137 10.04398827 6.11E-08 
SLC44A2, LHCGR, TNFSF14, LPAR2, JAG1, ITSN1, CXCL11, CXCL10, SHKBP1, NLRC5, WNT1, DDX17, PTGIS, MYOCD, MDFIC, GATA3, GAB1, SPRED1, DISC1, 
DAB2IP, RET, FGF23, RAD9A, DLL1, IRS1, GPR55, HNF4A, RELT, SERPINF2, TRIM32, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, ATPIF1, GCNT2, PPP2R3A, 
GNAI2, DRD2, SOX4, SRC, IRAK4, PEA15, AMER1, ECE1, RNF165, TNKS, BMF, CSF1R, ASXL2, DIXDC1, BMP3, MYO1C, MAP2K1, MET, IL1RN, ARPP19, SMAD4, 
MSTN, GAS1, HGF, TRIM62, CDKN1C, NOTCH2, EPHA4, IKBKE, EI24, NOTCH1, HDAC1, NEDD4, TRPS1, TMOD2, BMP8B, CREBRF, OPRM1, SHOC2, LGR4, 
RSPO1, HPSE, LTF, TGFA, PLCB1, AGAP2, MYC, CASP2, IRAK2, TP53, PRKCH, IL6R, EDAR, NFAM1, PRKCE, PRKCB, PRKD1, INHBB, PRKCQ, ACVR2B, ZDHHC17, 
KSR2, MAP3K15, UBE2K, CNTN2, SEMA4C, PLA2G6, KSR1, MAP3K14, KMT2D, CCR1, PPM1A, KITLG, FKBP1A, KIT, CCL22, MOAP1, TSPAN33, XBP1, RASGRP4, 
NFATC4, MLLT3, THPO, NOS1, DNM1L, TSPAN14, AXL, MAL, DGKI, MID1, SIRT1, TP73, WNT2B, CDH13, NEUROD2, IGFBP3, HTR2C, HTR2A, TP53INP1 
1.579233595 4.66E-04 9.14E-06 1.21E-04 
GO:0051674~localization of cell 137 10.04398827 6.11E-08 
PVR, SRCIN1, TNFSF14, CXCL11, AMOTL1, CXCL10, VCL, CD47, OLIG3, GATA3, PDE4B, SERPINE1, GAB1, RRAS, MTUS1, DISC1, FNDC3B, RECK, RBFOX2, 
SATB2, DAB2IP, RET, PTPRM, ROCK1, TMEM201, MTA2, EFNB1, SIX3, PTPRR, SOCS7, MYH9, IRS1, NAV1, LYST, FOXG1, TRIM32, VEGFA, CELF3, PDGFRA, 
PDGFRB, STC1, RELN, GCNT2, PPP2R3A, STRAP, DRD2, PEAK1, ONECUT2, DAG1, ULK4, SRC, IRAK4, ACE, OVOL2, ARHGDIB, CSF1R, DIXDC1, MUC2, ABR, 
MYO1C, MAP2K1, PODXL, MET, IL1RN, NR4A2, HACE1, DOCK8, HGF, GAS8, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, PLCG1, CXCL16, CACNA1E, KLF4, 
NRP2, ARSB, MITF, PIP5K1A, PEX2, MAPT, SEMA3E, CAP1, PLCB1, MYC, FMNL3, CCDC88A, TP53, LEF1, PADI2, DAPK2, PRKCE, MYADM, ELMO1, BBS1, 
PRKD1, PRKCQ, SEMA4F, CNTN2, SEMA4C, SEMA4B, TREM1, USP24, PARVA, SRGAP2, FUT8, CCR1, KITLG, KIT, CALCA, CCL22, FAT3, BCL2, MARVELD3, 
FAT2, TOR1A, SCNN1G, DCX, SELPLG, INPP5B, PLET1, SWAP70, LMNA, AXL, TNP1, SNAI1, BRAT1, CDH13, PPP1R9B, RPL13A, GFRA1, IGFBP3, RNF41, 
TP53INP1 
1.579233595 4.66E-04 9.14E-06 1.21E-04 
GO:0010628~positive regulation of gene 
expression 
177 12.97653959 6.43E-08 
NCBP2, RNASEL, RORA, JAG1, NLRC5, WNT1, DDX17, ANK2, MYOCD, ANK3, MDFIC, GATA3, SERPINE1, CREB3L1, RARB, SAMD4A, PID1, SATB2, RET, DAB2IP, 
MTA2, STRN3, YY1, SIX3, FGF23, DLL1, HNF4G, MYH9, GRHL2, PPARGC1B, HNF4A, MTF1, SERPINF2, MCIDAS, VEGFA, TRIM32, CELF3, NFE2L1, RELN, GLP1R, 
SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, SOX4, NFKBIA, MYT1, LIN28A, SRC, NR2C2, PLAGL1, OVOL2, ITGB8, TNKS, PLAG1, ASXL2, KLF6, BMP3, 
ESRRA, MAP2K1, MET, NR4A2, SMAD4, MSTN, SKI, FOXP3, USF1, TRIM62, FOXP1, NOTCH3, CDKN1C, NOTCH1, NR1I2, CSRNP3, HDAC1, GTF2F1, TRPS1, 
ZIC5, RBMXL1, TCF12, FOXI1, KLF4, E2F3, HNF1A, ARID4A, CPEB3, PRKAG1, MITF, PPARG, ARID4B, RHOQ, ZEB1, LGR4, TMEM173, MAZ, PRMT2, PAX7, 
RTF1, LTF, MKX, LRRFIP1, PLCB1, AGAP2, MYC, FOSL1, IRAK2, KDM7A, TBL1XR1, FOXJ2, TP53, PRKCH, LEF1, PADI2, CDK6, ERLIN1, FOSB, IL6R, SPEN, EDAR, 
NFAM1, DDN, MYCN, PRKCB, PRKD1, PRKCQ, NCOA1, SLC26A9, CNTN2, MYRF, CUX1, NSD1, CLOCK, ABLIM1, KMT2D, ABLIM3, PPM1A, PPP3R1, CTNND1, 
CTCFL, KIT, RGMB, MPV17L2, XBP1, BCL11B, POU2F1, CHD1, NFATC4, BCL9L, TNRC6B, PIK3R2, NOS1, CREB1, LMNA, CREB5, SNAI1, TMPRSS6, ATMIN, 
SIRT1, TRIM21, ATXN7L3, TP73, PREB, CDH13, RPS6KA4, PKNOX1, ATXN7, HEYL, IRF1, NEUROD2, KDM8, KDM4C, IRF4, TP53INP2, RNF41, TP53INP1 
1.475779481 4.91E-04 9.44E-06 1.28E-04 
GO:0048666~neuron development 119 8.724340176 7.51E-08 
SYT1, SRCIN1, ADCY5, VCL, GP5, ANK3, UNC5A, GATA3, RAB29, LRRC55, LGI1, DISC1, RAB21, LRRC7, RBFOX2, DBNL, DAB2IP, RET, PTPRM, STMN3, EFNB3, 
EFNB1, FARP2, NUMBL, MAP4K4, SLITRK4, TRIM32, FOXG1, VEGFA, RELN, STMN1, NGB, DRD2, CRTC1, ONECUT2, DAG1, NRN1, EPHB2, CALU, ALCAM, 
TRIM67, PVRL1, RNF165, CSF1R, DIXDC1, MAP2K1, MET, NR4A2, NTN4, SMAD4, GAS1, HGF, FOXP1, CDKN1C, EPHA4, SEMA6A, NOTCH1, NEDD4, MARCKS, 
AREG, KLF4, NRP2, ARSB, GFAP, CPEB3, FES, UQCRQ, MBP, SPRY3, XYLT1, MAPT, SEMA3E, CAMSAP1, EEF2K, ANP32A, CNTNAP2, CNTNAP1, NOS1AP, 
CHST3, COL25A1, BBS1, PRKD1, SEMA4F, CLIC5, CNTN2, SEMA4C, SEMA4B, CUX1, MAP3K14, SRGAP2, ABLIM1, TH, CTNND2, FKBP1B, NPTX1, FAT3, XBP1, 
FAT4, BCL2, BCL11B, TOR1A, SLC4A7, NFATC4, NEDD4L, ACSL4, DCX, TLX2, PTPRD, GNAO1, NCDN, CREB1, DPYSL4, SIRT1, RAPH1, TP73, PPP1R9B, 
NEUROD2, GFRA1, LRP4 
1.638290277 5.73E-04 1.08E-05 1.49E-04 
GO:0007420~brain development 97 7.11143695 8.19E-08 
SYT1, LDHA, SLC6A3, RORA, HOOK3, WNT1, RARB, DISC1, INA, RBFOX2, DAB2IP, SATB2, SIX3, SOCS7, DLL1, GRHL2, NUMBL, CRHR1, FOXG1, RELN, STMN1, 
PFKFB3, DRD2, HMGCS1, ULK4, NR2C2, SRC, EPHB2, TAL2, ACE, SBK1, CSF1R, DIXDC1, B4GALT2, ABR, MAP2K1, MET, AK3, NR4A2, ROGDI, SKI, GAS1, AK4, 
SLC6A17, KCNK3, FOXP2, NOTCH3, NOTCH1, DLX1, HDAC1, ZIC5, MARCKS, NCOR2, NRP2, NDST1, CRNKL1, SYNJ1, BCAN, ZEB1, UQCRQ, MBP, MAPT, 
CNTNAP2, PLCB1, CASP2, MYC, ANP32B, TP53, PADI2, LEF1, BBS1, INHBB, NCOA1, SEMA4C, CNTN2, FAIM2, SRGAP2, CCR1, TH, CTNND1, FAT4, BCL11B, 
BCL2, SEC16A, SLC4A7, PAFAH1B2, DCX, GNAO1, TRNP1, CREB1, AXL, TP73, WNT2B, PPP1R9B, DKK1, NEUROD2, ADGRL1 
1.743639607 6.25E-04 1.16E-05 1.63E-04 
GO:0045944~positive regulation of 
transcription from RNA polymerase II 
promoter 
118 8.651026393 8.57E-08 
RNASEL, JAG1, RORA, NLRC5, WNT1, DDX17, MYOCD, GATA3, CREB3L1, RARB, PID1, SATB2, DAB2IP, MTA2, YY1, STRN3, SIX3, DLL1, GRHL2, PPARGC1B, 
HNF4A, MTF1, SERPINF2, MCIDAS, VEGFA, NFE2L1, GLP1R, SUPT6H, CAMTA1, HOXA13, DRD2, CRTC1, ONECUT2, NFKBIA, SOX4, MYT1, NR2C2, PLAGL1, 
OVOL2, TNKS, ASXL2, PLAG1, KLF6, BMP3, ESRRA, MAP2K1, MET, NR4A2, SMAD4, SKI, FOXP3, USF1, FOXP1, NOTCH3, NOTCH1, NR1I2, CSRNP3, HDAC1, 
GTF2F1, TRPS1, RBMXL1, TCF12, FOXI1, KLF4, HNF1A, ARID4A, MITF, ARID4B, PPARG, RHOQ, ZEB1, TMEM173, MAZ, PAX7, RTF1, MKX, FOSL1, MYC, AGAP2, 
TBL1XR1, FOXJ2, TP53, LEF1, ERLIN1, FOSB, DDN, MYCN, PRKD1, NCOA1, CUX1, CLOCK, ABLIM1, KMT2D, ABLIM3, PPP3R1, CTCFL, XBP1, BCL11B, POU2F1, 
NFATC4, BCL9L, PIK3R2, NOS1, CREB1, LMNA, CREB5, SIRT1, TMPRSS6, TP73, PREB, CDH13, RPS6KA4, PKNOX1, ATXN7, HEYL, IRF1, NEUROD2, IRF4 
1.638500865 6.54E-04 1.19E-05 1.70E-04 
GO:0034097~response to cytokine 87 6.37829912 9.85E-08 
CREBRF, CRNKL1, SNCA, SYNJ1, IL21R, PPARG, CXCR1, RORA, CXCL11, CXCL10, MBP, NLRC5, TMEM173, PTGIS, XYLT1, CDIP1, GATA3, SERPINE1, GAB1, 
PLCB1, FOSL1, MYC, PID1, IRAK2, DAB2IP, GBP5, HYAL3, YY1, TP53, ADIPOR2, FGF23, LEF1, PADI2, CFTR, SOCS4, IL6R, ACKR4, NUMBL, INHBB, RELT, UBE2K, 
TRIM32, PDGFRA, AKAP6, CPD, CLDN18, RTN4RL1, CCR1, NFKBIA, CALCOCO2, FKBP1A, KIT, GREM2, SRC, GCH1, CALCA, IRAK4, CCL22, ACSL1, XBP1, IL10RB, 
BCL2, ACSL4, SELPLG, SEC61A1, CSF1R, THPO, KLF6, MUC2, IL2RB, GNAO1, MET, IL1RN, SMAD4, AXL, AFF3, SIRT1, TRIM21, IKBKE, RPS6KA4, PRLR, HDAC1, 
RPL13A, CXCL16, IRF1, TRAFD1, KLF4 
1.802592612 7.51E-04 1.34E-05 1.96E-04 
GO:0007167~enzyme linked receptor 
protein signaling pathway 
94 6.891495601 1.12E-07 
NRP2, HNF1A, NDST1, SNCA, FGFRL1, RHOQ, ZEB1, FES, SLC2A8, SHKBP1, WNT1, JADE2, FAM83A, MYOCD, GATA3, GAB1, TGFA, PLCB1, PAG1, PID1, 
DAB2IP, RET, SOGA1, EFNB3, EFNB1, TP53, PTPRR, FGF23, SOCS7, LEF1, SOCS4, IRS1, PRKCB, PRKD1, INHBB, PRKCQ, ACVR2B, HNF4A, VEGFA, PDGFRA, 
PDGFRB, TGIF2, CAV3, FRK, GCNT2, HOXA13, FUT8, STRAP, ONECUT2, PPM1A, EPHA10, FKBP1A, KIT, GREM2, SRC, EPHB2, RGMB, PEG10, XBP1, RNF165, 
FAT4, BCL9L, GIGYF1, CSF1R, PIK3R2, BMP3, NCEH1, CAMLG, MYO1C, CREB1, MET, SMAD4, AXL, MSTN, SKI, HGF, SIRT1, TMPRSS6, CDKN1C, NOTCH2, 
1.750368959 8.52E-04 1.49E-05 2.22E-04 
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CDH13, EPHA4, NOTCH1, DKK1, PLCG1, PRLR, NEDD4, ATXN7, TRPS1, AREG, IGFBP3, LRP4, BMP8B, BTBD11 
GO:0051960~regulation of nervous system 
development 
103 7.551319648 1.14E-07 
SYT1, SRCIN1, ADCY5, JAG1, HOOK3, BRINP1, GATA3, RAB29, RARB, LRRC7, RAB21, DISC1, DAB2IP, RET, ZHX2, SIX3, DLL1, NUMBL, MAP4K4, SLITRK4, 
FOXG1, TRIM32, VEGFA, RELN, TGIF2, DRD2, CRTC1, ULK4, LIN28A, EPHB2, ACE, TRIM67, PVRL1, PLAG1, DIXDC1, MAP2K1, MET, SKI, HGF, NOTCH3, 
SEMA6A, EPHA4, NOTCH1, DLX1, HDAC1, NEDD4, RGS6, MARCKS, TCF12, KLF4, ARSB, OPRM1, GFAP, CPEB3, SYNJ1, PPARG, ZEB1, FES, MBP, XYLT1, MAPT, 
SEMA3E, EEF2K, ANP32A, MYC, CCDC88A, TP53, PRKCH, SPEN, MYCN, PRKD1, NCOA1, SEMA4F, CNTN2, MYRF, SEMA4C, SEMA4B, CUX1, SRGAP2, 
RAP1GAP, KIT, FKBP1B, FAT3, BCL11B, LRRTM2, BCL2, PER2, BCL6, NFATC4, NEDD4L, TLX2, PTPRD, NOS1, CREB1, ASIC2, SIRT1, TP73, DKK1, HEYL, 
NEUROD2, KDM4C, ADGRL1, LRP4 
1.698078129 8.73E-04 1.51E-05 2.28E-04 
GO:0060322~head development 100 7.331378299 1.26E-07 
SYT1, LDHA, SLC6A3, RORA, HOOK3, WNT1, RRAS, RARB, TWIST2, DISC1, INA, RBFOX2, DAB2IP, SATB2, SIX3, SOCS7, DLL1, GRHL2, NUMBL, CRHR1, FOXG1, 
PDGFRA, RELN, STMN1, PFKFB3, DRD2, HMGCS1, ULK4, NR2C2, SRC, EPHB2, TAL2, ACE, SBK1, CSF1R, DIXDC1, ABR, B4GALT2, MAP2K1, MET, AK3, NR4A2, 
ROGDI, SKI, GAS1, AK4, SLC6A17, KCNK3, FOXP2, NOTCH3, NOTCH1, DLX1, HDAC1, ZIC5, MARCKS, NCOR2, NRP2, NDST1, CRNKL1, SYNJ1, BCAN, ZEB1, 
UQCRQ, MBP, MAPT, CNTNAP2, PLCB1, CASP2, MYC, ANP32B, TP53, LEF1, PADI2, BBS1, INHBB, NCOA1, CNTN2, SEMA4C, FAIM2, SRGAP2, CCR1, TH, 
CTNND1, FAT4, BCL11B, BCL2, SEC16A, SLC4A7, PAFAH1B2, DCX, GNAO1, TRNP1, CREB1, AXL, TP73, WNT2B, PPP1R9B, DKK1, NEUROD2, ADGRL1 
1.710758324 9.64E-04 1.64E-05 2.51E-04 
GO:0050790~regulation of catalytic 
activity 199 14.58944282 1.57E-07 
DYNC1LI1, PPP2R5A, LHCGR, SNCA, LPAR2, ITSN1, CRY2, SERPINE1, GAB1, RECK, DAB2IP, ROCK1, RAP1GDS1, RIC8B, PPARGC1B, FARP2, CRHR1, HNF4A, 
SERPINF2, VEGFA, PDGFRA, PDGFRB, ATPIF1, WFDC5, NEK5, RALGPS2, RALGPS1, GNAI2, CALU, ACE, SERINC1, TNKS, HIP1, UNC119, ARHGEF33, ABR, 
MAP2K1, IL1RN, MSTN, HGF, OXSR1, EPHA4, NOTCH1, CSRNP3, DCP1A, PKP4, RGS6, MARCKS, KLF4, OPRM1, CPEB2, PPARG, CCNE2, ZYG11B, NMUR1, 
TGFA, AGAP2, MYC, GPIHBP1, ALS2CL, ARHGEF3, ANP32B, RAB4A, TP53, IL6R, ARHGEF9, MTMR12, CCND1, MAP3K15, SERPINB8, GRM7, DNAJC24, 
WNT9B, SERPINB2, ZER1, SRGAP2, RAP1GAP, ATG13, FKBP1A, BCCIP, KIT, FKBP1B, GCH1, CCL22, PLEKHG2, ACSL1, BCL2, CHM, MLLT1, BCL6, MTMR9, 
RASA4, TBC1D2, ELMOD1, NOS1, CNST, PPP1R11, PPP1R10, DGKI, TP73, DUSP4, PPP1R8, OBFC1, PLN, DGKZ, HTR2A, SRCIN1, TNFSF14, RASGEF1C, NLRC5, 
MYOCD, MDFIC, MS4A2, SPRED1, RNF34, NQO1, RET, STMN3, PSD3, FGF23, SOCS4, PKIA, IRS1, GRHL2, GPR55, SGSM2, AKAP6, RELN, NGB, CAV3, SNX9, 
FZR1, DRD2, SIPA1, SRC, OAZ2, SLX4, PPP1R16B, GMIP, LMTK3, AXIN2, TBC1D30, FGD6, FGD3, CSF1R, ARHGDIB, MET, NR4A2, ARPP19, DOCK9, DOCK8, 
DOCK3, CORO1C, HSPBP1, CDKN1C, TBC1D25, UACA, GTF2F1, DNAJB1, PRKAG1, PIP5K1A, PDCD4, ARHGAP1, DLG3, LTF, PLCB1, IRAK2, CCDC88A, NOS1AP, 
CYCS, RIMBP2, LEF1, PRKCE, ARHGAP26, PRKD1, PRKCQ, ACVR2B, PSME1, PSME3, CALCR, APH1A, RTN4RL1, CYTH4, KITLG, CALCA, RASGRP4, ARHGAP44, 
PIK3R2, GNAO1, FETUB, RCAN1, TMBIM1, SIRT1, RALGDS, PPP1R9B, PRLR, SMPD1, EVI5L, IGFBP3 
1.418921599 0.001194311 1.99E-05 3.11E-04 
GO:0050804~modulation of synaptic 
transmission 51 3.739002933 1.87E-07 
SYT1, GFAP, JPH3, KCNC3, SLC6A1, CPEB3, SNCA, BCAN, CALB1, S1PR2, MAPT, LGI1, STX1A, CNTNAP4, PRKCE, CRHR1, CNTN2, PLA2G6, RELN, VAMP2, 
NETO2, RAB3B, CPLX2, GNAI2, DRD2, CRTC1, CTNND2, KIT, RIMS4, NETO1, RIMS3, EPHB2, SHISA7, LRRTM2, TOR1A, SYN2, PER2, GRID2IP, NFATC4, NOS1, 
NCDN, CREB1, MET, DGKI, CACNA2D2, PPP1R9B, DKK1, NEUROD2, HTR2C, NAT8L, HTR2A 
2.204587044 0.00142791 2.34E-05 3.72E-04 
GO:0043085~positive regulation of 
catalytic activity 
132 9.677419355 1.88E-07 
SRCIN1, SNCA, LHCGR, LPAR2, RASGEF1C, ITSN1, MDFIC, GAB1, MS4A2, RET, DAB2IP, PSD3, RAP1GDS1, FGF23, RIC8B, IRS1, GRHL2, PPARGC1B, FARP2, 
CRHR1, GPR55, HNF4A, SGSM2, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, NGB, NEK5, SNX9, FZR1, RALGPS2, RALGPS1, GNAI2, DRD2, SIPA1, SRC, SLX4, 
ACE, GMIP, SERINC1, TNKS, TBC1D30, AXIN2, FGD6, FGD3, CSF1R, HIP1, UNC119, ARHGEF33, ABR, MAP2K1, MET, IL1RN, NR4A2, DOCK9, OXSR1, DOCK8, 
HGF, DOCK3, CORO1C, TBC1D25, EPHA4, UACA, DCP1A, GTF2F1, PKP4, RGS6, MARCKS, DNAJB1, KLF4, PPARG, PIP5K1A, NMUR1, ARHGAP1, LTF, TGFA, 
PLCB1, AGAP2, GPIHBP1, MYC, ALS2CL, IRAK2, ARHGEF3, CCDC88A, ANP32B, RAB4A, CYCS, IL6R, ARHGEF9, PRKCE, ARHGAP26, PRKD1, PRKCQ, ACVR2B, 
CCND1, MAP3K15, PSME1, DNAJC24, WNT9B, PSME3, SRGAP2, CALCR, RAP1GAP, APH1A, ATG13, CYTH4, KITLG, KIT, GCH1, CALCA, PLEKHG2, CCL22, 
ACSL1, RASGRP4, ARHGAP44, BCL2, CHM, RASA4, ELMOD1, TBC1D2, NOS1, GNAO1, SIRT1, RALGDS, TP73, PRLR, OBFC1, EVI5L, IGFBP3, HTR2A 
1.565071542 0.001431519 2.31E-05 3.73E-04 
GO:0051240~positive regulation of 
multicellular organismal process 
158 11.58357771 2.08E-07 
SYT1, PDLIM7, PGF, VTCN1, SLC6A3, RORA, JAG1, AMOTL1, PNP, WNT1, BRINP1, PTGIS, ATG5, MYOCD, GATA3, PDE4B, SERPINE1, RRAS, RARB, DISC1, 
RAB21, LRRC7, RET, DAB2IP, PTPRM, GBP5, DLL1, PPARGC1B, NUMBL, SLITRK4, SERPINF2, TRIM32, FOXG1, VEGFA, PDGFRB, AKAP6, TGIF2, RELN, ATXN1L, 
ASB4, GLP1R, SUCO, GCNT2, DRD2, CRTC1, DAG1, SNX4, LIN28A, SRC, NR2C2, EPHB2, PPP1R16B, ACE, TRIM67, ECE1, OVOL2, AXIN2, TMEM79, CSF1R, 
ASXL2, PLAG1, DIXDC1, ZBTB46, MAP2K1, MET, SMAD4, WHSC1, HGF, FOXP3, CACNA2D2, FOXP1, FOXP2, NOTCH2, EPHA4, SEMA6A, NOTCH1, HDAC1, 
PLCG1, RGS6, MARCKS, TCF12, ADRA1D, BMP8B, ARSB, OPRM1, GFAP, CPEB3, PPARG, SYNJ1, ZEB1, FES, LGR4, TMEM173, HPSE, TKFC, MAPT, EEF2K, LTF, 
MKX, PLCB1, AGAP2, MYC, GPIHBP1, PRKCH, LEF1, CFTR, IL6R, SPEN, PRKCE, PRKCB, PRKD1, INHBB, PRKCQ, ACVR2B, NCOA1, CCND1, ADK, CLIC5, MYRF, 
PLA2G6, CUX1, UNG, CCR1, KITLG, KIT, FKBP1B, CALCA, XBP1, BCL2, LRRTM2, BCL6, NFATC4, BCL9L, INPP5D, NEDD4L, THPO, PTPRD, NOS1, CREB1, ASIC2, 
AXL, LMNA, TMBIM1, SNAI1, SIRT1, TP73, WNT2B, DKK1, MAPK13, HEYL, IRF1, NEUROD2, KDM4C, ADGRL1, IRF4, HTR2C, TOB2, HTR2A 
1.491127636 0.001589432 2.52E-05 4.14E-04 
GO:0034762~regulation of 
transmembrane transport 
56 4.105571848 2.18E-07 
CTTNBP2NL, CALHM1, OPRM1, JPH3, KCNC3, TMEM109, KCNQ3, ANK2, ANK3, PDE4B, SERPINE1, SCN2B, NOS1AP, CACNG4, CFTR, CACNG2, CRHR1, CLIC5, 
PDGFRB, PLA2G6, AKAP6, KCNH7, STC1, RELN, VAMP2, NETO2, CAV3, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, HK1, FKBP1A, CACNB3, FKBP1B, TPCN2, 
OAZ2, ACE, KCNS2, BCL2, NEDD4L, SLC31A2, HCN3, NOS1, ASIC2, ATP1A2, OXSR1, CACNA2D2, PLCG1, KCNJ8, NEDD4, PLN, GRK6, CACNA1E, SCN4A 
2.101713017 0.001664416 2.60E-05 4.34E-04 
GO:0051093~negative regulation of 
developmental process 
109 7.991202346 2.35E-07 
ADCY5, RORA, JAG1, CXCL10, HOOK3, S1PR3, WNT1, MYOCD, GATA3, RAB29, SERPINE1, WDR77, MED27, RARB, TWIST2, FNDC3B, DAB2IP, PTPRM, ROCK1, 
ZHX2, SIX3, FGF23, DLL1, GRHL2, MAP4K4, GPR55, FOXG1, VEGFA, CAV3, FZR1, STRAP, NFKBIA, SOX4, LIN28A, EPHB2, OVOL2, TBC1D30, AXIN2, ARHGDIB, 
DIXDC1, ZBTB46, ABR, MSTN, SKI, FOXP3, TRIM62, FOXP1, CORO1C, NOTCH3, SEMA6A, EPHA4, NOTCH1, DLX1, HDAC1, AREG, NCOR2, KLF4, GFAP, PPARG, 
ZEB1, MBP, XYLT1, WWC3, SEMA3E, RTF1, ANP32A, MKX, MYC, ANP32B, TP53, LEF1, CDK6, VAT1, MYCN, CCND1, SEMA4F, CNTN2, WNT9B, SEMA4C, 
SEMA4B, JMJD1C, SRGAP2, CLDN18, RAP1GAP, CCR1, KIT, CALCA, FAT3, XBP1, BCL2, BCL6, NFATC4, BCL9L, INPP5D, TLX2, LMNA, RCAN1, SIRT1, COL5A2, 
MARCH5, SNAI1, TP73, DKK1, PHF19, IRF1, NEUROD2, EVI5L, LRP4, TOB2 
1.643980125 0.001788111 2.75E-05 4.66E-04 
GO:0009605~response to external 
stimulus 
226 16.56891496 2.41E-07 
LDHA, VTCN1, SNCA, RNF216, RORA, CD47, CRY2, SERPINE1, DAB2IP, PTPRM, GBP5, EFNB3, EFNB1, SERPINF2, FOXG1, VEGFA, PDGFRA, PDGFRB, STC1, 
ATPIF1, ALDOA, SCN1A, CRTC1, HMGCS1, DAG1, NFKBIA, RIMS3, EPHB2, ALCAM, ACE, PVRL1, STX17, CDA, ABR, MAP2K1, IL1RN, SMAD4, MSTN, HGF, 
GAS1, USF1, KCNK3, FAM131B, NOTCH2, EPHA4, SEMA6A, NOTCH1, KCNJ8, KLF4, BMP8B, NRP2, OPRM1, ARSB, CRNKL1, PPARG, ZEB1, XYLT1, TKFC, MAPT, 
SEMA3E, GPX3, GUCY1A3, MYC, HYAL3, ZDHHC8, TP53, IL6R, FOSB, ACKR4, ZCCHC17, INHBB, CCND1, ANKRD23, SEMA4F, CLIC5, SEMA4C, WNT9B, 
PLA2G6, SEMA4B, MAP3K14, CLOCK, SLC27A4, PARVA, CCR1, TH, ATG13, HK1, KIT, FAM46A, FKBP1B, GCH1, TPCN2, CCL22, ACSL1, BEST1, XBP1, BCL2, 
BCL11B, BCL6, ACSL4, NOS1, SWAP70, AXL, LMNA, STAB2, ATP1A2, TMPRSS6, CDH13, HNRNPUL1, MEX3C, DPYD, HTR2C, TP53INP2, TP53INP1, HTR2A, 
OPN4, RNASEL, SLC6A1, SLC6A3, TNFSF14, CXCL11, CXCL10, NLRC5, GP5, SLC16A1, PTGIS, ATG5, MYOCD, UNC5A, ANK3, GATA3, PDE4B, LGI1, NQO1, 
MTUS1, SATB1, PDXK, ATG9A, FGF23, THBD, UCN2, RELT, LYST, RELN, VAMP2, STMN1, CAV3, DRD2, SIPA1, SNX4, RRAGD, NR2C2, SRC, CSMD1, ECE1, 
GMIP, RNF165, CSF1R, MUC2, LPO, MET, NR4A2, AK3, WIPI2, FOXP3, FOXP1, FOXP2, TBC1D25, IKBKE, UACA, UCP3, HDAC1, SLC7A2, CXCL16, GTF2F1, 
CXCR1, PEX3, PIP5K1A, FES, TMEM173, HPSE, LTF, CNTNAP2, ABHD12, CASP2, FOSL1, IRAK2, TBL1XR1, NRXN2, ADIPOR2, CHST3, PADI2, LEF1, CDK6, 
DAPK2, PRKCE, PRKCB, PRKD1, PRKCQ, NCOA1, XPC, ATG4B, CNTN2, TREM1, ABLIM1, CALCOCO2, CALCA, CALCB, RASGRP4, PAFAH1B2, THPO, DNM1L, 
SLC12A2, MAP1A, CREB1, ASIC2, DPYSL4, SIRT6, RCAN1, FUCA2, SIRT1, WNT2B, RDH11, RPL13A, IRF1, IRF4 
1.373431141 0.001838004 2.79E-05 4.79E-04 
GO:0030030~cell projection organization 142 10.41055718 2.50E-07 
SYT1, SRCIN1, ADCY5, VCL, S1PR2, WNT1, GP5, ATG5, UNC5A, ANK3, GATA3, RAB29, TBC1D13, LRRC55, LGI1, DISC1, RAB21, LRRC7, RBFOX2, DBNL, RET, 
DAB2IP, PTPRM, STMN3, ROCK1, EFNB3, EFNB1, MYH9, TBC1D22A, NUMBL, MAP4K4, SLITRK4, HNF4A, MCIDAS, TRIM32, FOXG1, VEGFA, RELN, NGB, 
STMN1, DRD2, CRTC1, ONECUT2, DAG1, ULK4, NRN1, SRC, CALU, EPHB2, ALCAM, TRIM67, PVRL1, RNF165, PVRL2, TBC1D30, FGD3, CSF1R, DIXDC1, 
MAP2K1, PODXL, MET, NR4A2, SMAD4, GAS1, HGF, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, NEDD4, MARCKS, AREG, KLF4, NRP2, ARSB, LIMA1, GFAP, 
E2F5, CPEB3, WASF1, RHOQ, PIP5K1A, FES, MBP, SPRY3, XYLT1, MAPT, SEMA3E, CAMSAP1, ANP32A, EEF2K, CNTNAP2, CNTNAP1, CCDC88A, NOS1AP, 
KIF17, CHST3, COL25A1, BBS1, PRKD1, PRKCQ, SEMA4F, CLIC5, CNTN2, SEMA4C, SEMA4B, CUX1, MAP3K14, SRGAP2, PARVA, ABLIM1, RAP1GAP, ABLIM3, 
CTNND2, KIT, FKBP1B, NPTX1, FAT3, FAT4, BCL2, BCL11B, TOR1A, NFATC4, NEDD4L, ACSL4, DCX, TLX2, TBC1D2, PTPRD, GNAO1, NCDN, CREB1, DPYSL4, 
SIRT1, RAPH1, ATMIN, CDH13, PPP1R9B, GFRA1, EVI5L, LRP4 
1.526614375 0.001906621 2.85E-05 4.97E-04 
GO:0032409~regulation of transporter 36 2.639296188 2.76E-07 CAV3, OPRM1, CTTNBP2NL, NETO2, FXYD2, JPH3, DRD2, SNCA, CACNB1, HK1, CACNB3, FKBP1A, FKBP1B, KCNS2, ANK2, ANK3, BCL2, PDE4B, NEDD4L, 2.614380871 0.002105909 3.10E-05 5.49E-04 
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activity SCN2B, NOS1AP, ASIC2, CACNG4, CFTR, CACNG2, ATP1A2, OXSR1, CRHR1, PLCG1, NEDD4, PLN, GRK6, PLA2G6, AKAP6, RELN, VAMP2 
GO:0051649~establishment of localization 
in cell 216 15.83577713 3.25E-07 
SYT1, CHMP3, VTCN1, ADCY5, SNCA, CHMP7, LHCGR, VPS52, SYT9, ITSN1, SIDT2, HOOK3, KIF13A, CRY2, RAB29, VPS4A, CREB3L1, RAB21, DAB2IP, GBP5, 
MYH9, ERGIC1, PCLO, VTI1A, CRHR1, HNF4A, TBRG1, SURF4, ATPIF1, SUPT6H, CACNB1, DAG1, NFKBIA, GPR143, MYT1, RIMS4, RIMS3, STX17, PVRL2, 
GOLPH3L, ABR, MAP2K1, IL1RN, PTPN14, SMAD4, CDC23, GAS1, NOTCH2, NOTCH1, MARCKS, OPRM1, CREBRF, LZTS2, JPH3, HNF1A, AP1B1, PPARG, SYNJ1, 
AP3S2, AP1S2, NMUR1, MAPT, ANP32A, GPIHBP1, STX1A, ANP32B, RAB4A, ZDHHC8, TP53, CFTR, MYADM, INHBB, MYRIP, GRM7, PLA2G6, CLOCK, RAB3B, 
CCR1, TH, ATG13, BET1, FKBP1A, KLC2, KIT, FKBP1B, TPCN2, RAB43, XBP1, BCL2, PER2, CHM, BCL6, LYPLAL1, ELMOD1, NOS1, CNST, AXL, LMNA, LRRC46, 
DGKI, COG3, COG6, PLN, SVIP, ADGRL1, HTR2C, HTR2A, NCBP2, KCNC3, SRCIN1, XPO5, XPO4, TNFSF14, ILDR2, ILDR1, CXCL11, PNP, CXCL10, SLC16A1, 
ATG5, ANK2, ANK3, MDFIC, GATA3, MS4A2, LGI3, SAR1A, TMEM201, SIX3, FGF23, PKIA, IRS1, CDKL2, MAP4K4, UCN2, SGSM2, LYST, AKAP6, VAMP2, ERC1, 
GLP1R, PACS1, SNX9, SYVN1, DRD2, KCNA2, COPZ1, SOX4, SNX4, LMAN1, SRC, OAZ2, AXIN2, SLC30A6, SEC61A1, TMEM79, RHOBTB3, CSF1R, MYO1C, 
FOXP3, FOXP1, UACA, UCP3, PLCG1, HDAC1, AKTIP, NEDD4, CACNA1E, SPCS2, DPH6, PEX3, PIP5K1A, FES, SPICE1, LGR4, TMEM173, PEX2, TRIM9, PLCB1, 
NRXN2, NOS1AP, SRPRA, PFKM, EDAR, PRKCE, PRKCB, BBS1, PRKD1, MFN2, PRKCQ, ACVR2B, DGAT1, ATG4B, TOM1, TREM1, CUX1, CPLX2, ABLIM3, PPM1A, 
PPP3R1, CALCA, MOAP1, NPTX1, ARHGAP44, TOR1A, SEC16A, SYN2, PIK3R2, EHD4, SPRN, DNM1L, CREB1, MAL, HID1, SIRT1, KCNN3 
1.380834967 0.002479043 3.60E-05 6.47E-04 
GO:0033043~regulation of organelle 
organization 129 9.457478006 3.35E-07 
SYT1, DYNC1LI1, CHMP3, SLC6A1, SNCA, ATG5, MYOCD, GATA3, TBC1D13, VPS4A, SAR1A, PID1, DBNL, STMN3, ROCK1, MYH9, CDKL2, TBC1D22A, UHRF2, 
SERPINF2, VEGFA, SURF4, PDGFRB, ATPIF1, STMN1, CLIP3, ADD2, SUPT6H, MAP6D1, CAV3, FZR1, HOXA13, DRD2, LMAN1, GPR143, NR2C2, SRC, RIMS3, 
SLX4, GMIP, CNOT6L, NAT10, TNKS, TBC1D30, AXIN2, BMF, CSF1R, ASXL2, DIXDC1, MAP2K1, MET, SMAD4, CDC23, MSTN, HGF, FOXP3, FAM131B, KCNK3, 
TBC1D25, TRPS1, TMOD2, LIMA1, CRNKL1, WASF1, DPH6, VPS37B, PEX3, FES, SPICE1, NMUR1, TRIM9, MAPT, PAX7, SEMA3E, RTF1, ANP32A, TGFA, PLCB1, 
MYC, CCDC88A, ZDHHC8, TP53, CHST3, PADI2, PRKCE, ZCCHC17, MYADM, VAT1, PRKD1, PRKCQ, ANKRD23, PLEKHH2, PLA2G6, TREM1, NSD1, ABLIM3, 
PPFIA1, ATG13, CALCOCO2, HK1, CTCFL, CALCB, MOAP1, MPV17L2, XBP1, BCL6, ELMOD1, TBC1D2, PIK3R2, SYNPO, INF2, CAPN6, NOS1, DNM1L, SWAP70, 
MAP1A, LRRC46, LMNA, MID1, SIRT1, MARCH5, GMFB, RPS6KA4, PHF19, OBFC1, KCNN3, MEX3C, KDM4C, EVI5L 
1.558768406 0.002553166 3.65E-05 6.66E-04 
GO:0023057~negative regulation of 
signaling 123 9.017595308 3.54E-07 
SLC6A1, SNCA, RORA, S1PR2, NLRC5, WNT1, CRY2, GATA3, SERPINE1, CREB3L1, SPRED1, RNF34, PID1, DAB2IP, STMN3, STRN3, SIX3, PTPRR, FGF23, SOCS4, 
UBR1, IRS1, CRHR1, MAP4K4, UCN2, HNF4A, TRIM32, VEGFA, MNT, CAV3, SYVN1, PPP2R3A, GNAI2, STRAP, DRD2, ONECUT2, DAG1, NFKBIA, BDKRB2, 
GREM2, SRC, PEA15, PEG10, AMER1, TRIM67, OVOL2, GRID2IP, AXIN2, BMF, IL1RN, NR4A2, MSTN, SKI, GAS1, HGF, FOXP1, NOTCH1, DLX1, UACA, HDAC1, 
NEDD4, RGS6, GRK6, KLF4, CREBRF, OPRM1, LZTS2, PPARG, PDCD4, LGR4, TKFC, MAPT, WWC3, LTF, AGAP2, PGAP2, TP53, LEF1, PADI2, MYADM, PRKCB, 
LRPAP1, INHBB, MFN2, PRKCQ, CCND1, PLA2G6, PSME3, CLOCK, FAIM2, ZMYND11, RTN4RL1, PPM1A, CTNND1, FKBP1B, CALCA, XBP1, BCL2, MARVELD3, 
BCL6, NFATC4, BCL9L, INPP5D, RASA4, MLLT3, PTPRD, NOS1, LMNA, TMBIM1, SNAI1, SIRT1, TMPRSS6, TP73, DUSP4, DKK1, ATXN7, HEYL, IRF1, SMPD1, 
DGKZ, IRF4, LRP4, HTR2A 
1.576781637 0.002697876 3.80E-05 7.04E-04 
GO:0051174~regulation of phosphorus 
metabolic process 
164 12.02346041 3.56E-07 
SRCIN1, CTDSPL, PPP2R5A, SNCA, LHCGR, LPAR2, ITSN1, CXCL11, CXCL10, S1PR2, NLRC5, WNT1, CRY2, MYOCD, MDFIC, GAB1, RRAS, CTDSP2, SPRED1, 
PID1, RET, DAB2IP, ROCK1, PTPRR, FGF23, SOCS4, PKIA, IRS1, PPARGC1B, CRHR1, MAP4K4, GPR55, HNF4A, RELT, SERPINF2, MC2R, VEGFA, PDGFRA, 
PDGFRB, AKAP6, ATPIF1, RELN, CLIP3, CAV3, SNX9, GCNT2, GNAI2, STRAP, PFKFB3, DRD2, DAG1, BDKRB2, ULK4, SRC, PPP1R16B, ACE, ECE1, LPCAT1, IDH1, 
CDA, LMTK3, AXIN2, CSF1R, DIXDC1, BMP3, UNC119, MAP2K1, IL1RN, MET, ARPP19, SMAD4, MSTN, HGF, OXSR1, CORO1C, CDKN1C, EPHA4, CSRNP3, 
AKTIP, HDAC1, MARCKS, AREG, KLF4, BMP8B, OPRM1, CBFA2T3, PDCD4, CCNE2, RSPO1, EEF2K, LTF, DLG3, TGFA, GUCY1A3, PLCB1, AGAP2, MYC, IRAK2, 
TBL1XR1, CCDC88A, RIMBP2, TP53, IL6R, PRKCE, MYADM, PRKD1, INHBB, ACVR2B, CCND1, KSR2, MAP3K15, UBE2K, GRM7, WNT9B, SEMA4C, PLA2G6, 
KSR1, NSD1, CALCR, ZMYND11, RTN4RL1, CCR1, ATG13, CTNND1, KITLG, BCCIP, FKBP1A, KIT, FKBP1B, CALCA, CCL22, ACSL1, XBP1, BCL2, MARVELD3, 
MLLT1, EHD4, THPO, PIK3R2, NOS1, DNM1L, CNST, SWAP70, PDK3, PPP1R11, RCAN1, SIRT6, MID1, SIRT1, BRAT1, TP73, PPP1R9B, DUSP4, RPS6KA4, DKK1, 
PRLR, ATXN7, IRF1, SMPD1, IGFBP3, HTR2C, LRP4, RNF41, HTR2A 
1.465840899 0.002713742 3.77E-05 7.08E-04 
GO:0031399~regulation of protein 
modification process 
168 12.31671554 3.57E-07 
DYNC1LI1, SRCIN1, CTDSPL, PPP2R5A, SNCA, LPAR2, S1PR2, WNT1, CRY2, ATG5, MYOCD, MDFIC, GATA3, GAB1, RRAS, CTDSP2, SPRED1, DISC1, PID1, RET, 
DAB2IP, ROCK1, PTPRR, FGF23, SOCS4, PKIA, PPARGC1B, MAP4K4, GPR55, HNF4A, RELT, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, SUPT6H, 
CAV3, SNX9, FZR1, GCNT2, GNAI2, STRAP, DRD2, DAG1, SOX4, BDKRB2, ULK4, SRC, PPP1R16B, AMER1, ACE, TRIM67, ECE1, LMTK3, AXIN2, CSF1R, ASXL2, 
DIXDC1, BMP3, UNC119, MAP2K1, IL1RN, MET, ARPP19, SMAD4, MSTN, HGF, OXSR1, FOXP3, CORO1C, HSPBP1, CDKN1C, EPHA4, CSRNP3, AKTIP, HDAC1, 
TRPS1, DNAJB2, MARCKS, KLF4, BMP8B, NCOR2, OPRM1, PDCD4, ZYG11B, CCNE2, RSPO1, PAX7, RTF1, ANP32A, EEF2K, LTF, DLG3, TGFA, PLCB1, AGAP2, 
IRAK2, ANKS1A, CCDC88A, NOS1AP, RIMBP2, TP53, IL6R, PRKCE, MYADM, PRKD1, INHBB, ACVR2B, CCND1, KSR2, MAP3K15, UBE2K, WNT9B, SEMA4C, 
PLA2G6, KSR1, NSD1, ZER1, ZMYND11, RTN4RL1, CCR1, ATG13, CTNND1, KITLG, CTCFL, BCCIP, FKBP1A, KIT, FKBP1B, CALCA, CCL22, ACSL1, XBP1, BCL2, 
MARVELD3, PER2, MLLT1, BCL6, EHD4, THPO, NOS1, CNST, SWAP70, PPP1R11, RCAN1, MID1, BRAT1, SIRT1, TRIM21, TP73, PPP1R9B, DUSP4, RPS6KA4, 
PHF19, DKK1, PRLR, IRF1, SMPD1, KDM4C, SVIP, IGFBP3, HTR2C, LRP4, RNF41, HTR2A 
1.456769441 0.002723849 3.74E-05 7.10E-04 
GO:0032989~cellular component 
morphogenesis 139 10.19061584 4.13E-07 
SYT1, SRCIN1, FGFRL1, SIDT2, VCL, GP5, ANK2, ATG5, UNC5A, ANK3, GATA3, TBC1D13, LRRC55, LGI1, DISC1, RAB21, FNDC3B, PID1, DBNL, RBFOX2, RET, 
DAB2IP, PTPRM, ROCK1, EFNB3, EFNB1, MYH9, GRHL2, TBC1D22A, NUMBL, MAP4K4, SLITRK4, VSIG1, MCIDAS, FOXG1, VEGFA, PDGFRA, PDGFRB, RELN, 
STC1, STMN1, CAV3, ALDOA, GCNT2, HOXA13, STRAP, DRD2, TFCP2L1, PEAK1, ONECUT2, DAG1, ULK4, NRN1, SRC, EPHB2, ALCAM, OVOL2, PVRL1, RNF165, 
PVRL2, TBC1D30, AXIN2, CSF1R, DIXDC1, MAP2K1, MET, NR4A2, SMAD4, GAS1, HGF, TRIM62, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, CDC42SE2, 
NEDD4, TMOD2, MARCKS, NRP2, RHOJ, WASF1, RHOQ, FES, MBP, MAPT, SEMA3E, EEF2K, CNTNAP1, CAP1, FMNL3, LEF1, COL25A1, MYADM, BBS1, XIRP1, 
SEMA4F, CLIC5, CNTN2, WNT9B, SEMA4C, SEMA4B, JMJD1C, CUX1, MAP3K14, SRGAP2, PARVA, ABLIM1, ABLIM3, CTNND2, PPP3R1, KIT, NPTX1, FAT3, 
BCL2, BCL11B, PALM2, BCL6, NFATC4, BCL9L, NEDD4L, DCX, TLX2, TBC1D2, PTPRD, DNM1L, AKIP1, CREB1, AXL, DPYSL4, SNAI1, RAPH1, ATMIN, DKK1, 
MYPN, HEYL, EVI5L, LRP4 
1.521388852 0.003143405 4.25E-05 8.20E-04 
GO:0019220~regulation of phosphate 
metabolic process 
163 11.95014663 4.74E-07 
SRCIN1, CTDSPL, PPP2R5A, SNCA, LHCGR, LPAR2, ITSN1, CXCL11, CXCL10, S1PR2, NLRC5, WNT1, CRY2, MYOCD, MDFIC, GAB1, RRAS, CTDSP2, SPRED1, 
PID1, RET, DAB2IP, ROCK1, PTPRR, FGF23, SOCS4, PKIA, IRS1, PPARGC1B, CRHR1, MAP4K4, GPR55, HNF4A, RELT, SERPINF2, MC2R, VEGFA, PDGFRA, 
PDGFRB, AKAP6, ATPIF1, RELN, CLIP3, CAV3, SNX9, GCNT2, GNAI2, STRAP, PFKFB3, DRD2, DAG1, BDKRB2, ULK4, SRC, PPP1R16B, ACE, ECE1, LPCAT1, IDH1, 
CDA, LMTK3, AXIN2, CSF1R, DIXDC1, BMP3, UNC119, MAP2K1, IL1RN, MET, ARPP19, SMAD4, MSTN, HGF, OXSR1, CORO1C, CDKN1C, EPHA4, CSRNP3, 
AKTIP, HDAC1, MARCKS, AREG, KLF4, BMP8B, OPRM1, CBFA2T3, PDCD4, CCNE2, RSPO1, EEF2K, LTF, DLG3, TGFA, GUCY1A3, PLCB1, AGAP2, MYC, IRAK2, 
TBL1XR1, CCDC88A, RIMBP2, TP53, IL6R, PRKCE, MYADM, PRKD1, INHBB, ACVR2B, CCND1, KSR2, MAP3K15, UBE2K, GRM7, WNT9B, SEMA4C, PLA2G6, 
KSR1, NSD1, CALCR, ZMYND11, RTN4RL1, CCR1, ATG13, CTNND1, KITLG, BCCIP, FKBP1A, KIT, FKBP1B, CALCA, CCL22, ACSL1, XBP1, BCL2, MARVELD3, 
MLLT1, EHD4, THPO, PIK3R2, NOS1, DNM1L, CNST, SWAP70, PPP1R11, RCAN1, SIRT6, MID1, SIRT1, BRAT1, TP73, PPP1R9B, DUSP4, RPS6KA4, DKK1, PRLR, 
ATXN7, IRF1, SMPD1, IGFBP3, HTR2C, LRP4, RNF41, HTR2A 
1.461399458 0.00361171 4.82E-05 9.42E-04 
GO:0022898~regulation of 
transmembrane transporter activity 
34 2.492668622 4.93E-07 
CAV3, OPRM1, NETO2, FXYD2, JPH3, DRD2, CACNB1, HK1, CACNB3, FKBP1A, FKBP1B, KCNS2, ANK2, ANK3, BCL2, PDE4B, NEDD4L, SCN2B, NOS1AP, ASIC2, 
CACNG4, CFTR, ATP1A2, OXSR1, CACNG2, CRHR1, PLCG1, NEDD4, PLN, GRK6, PLA2G6, AKAP6, RELN, VAMP2 
2.640788759 0.003755612 4.95E-05 9.80E-04 
GO:0071310~cellular response to organic 
substance 
194 14.2228739 5.12E-07 
PGF, ADCY5, FGFRL1, LHCGR, SNCA, RORA, BRINP1, PLOD1, RAE1, SERPINE1, GAB1, CREB3L1, RARB, DAB2IP, GBP5, YY1, HNF4G, UBR1, CRHR1, HNF4A, 
VEGFA, PDGFRA, PDGFRB, STC1, GCNT2, HOXA13, HMGCS1, NFKBIA, ACE, BMP3, KLF6, ESRRA, IL1RN, SMAD4, MSTN, SKI, HGF, GAS1, USF1, NOTCH2, 
NOTCH1, NR1I2, MARCKS, BMP8B, KLF4, OPRM1, CREBRF, NRP2, CPEB2, CRNKL1, CPEB3, GLRA3, PPARG, NAP1L1, ZEB1, EEF2K, MYC, HYAL3, TP53, CFTR, 
IL6R, FOSB, ACKR4, INHBB, CCND1, PLA2G6, CLDN18, RAP1GAP, FUT8, CCR1, TH, FKBP1A, KIT, FKBP1B, CCL22, ACSL1, RPL32, IL10RB, FAT4, XBP1, BCL2, 
BCL9L, AGO4, SHMT1, NOS1, PDK3, AXL, ATP1A2, TMPRSS6, CDH13, DKK1, RPS6KA4, LRP4, TP53INP1, RNASEL, CBX3, CXCL11, CALB1, CXCL10, SLC2A8, 
NLRC5, WNT1, SLC16A1, PTGIS, MYOCD, GATA3, PDE4B, MTUS1, PID1, RET, SATB2, SOGA1, FGF23, SOCS7, DLL1, SOCS4, IRS1, NUMBL, MAP4K4, UCN2, 
RELT, TRIM32, AKAP6, RELN, CPD, VAMP2, GLP1R, CAV3, SYVN1, STRAP, ONECUT2, SOX4, PAQR7, PAQR8, RRAGD, LIN28A, GREM2, NR2C2, SRC, IRAK4, 
PEG10, GPR22, RNF165, AXIN2, HCN3, CSF1R, MUC2, MYO1C, MET, NR4A2, CDKN1C, UCP3, PLCG1, HDAC1, NEDD4, CXCL16, NDST1, IL21R, CXCR1, RHOQ, 
1.403946988 0.003901367 5.08E-05 0.001018216 
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TMEM173, CDIP1, LTF, PLCB1, IRAK2, ADIPOR2, PADI2, LEF1, PRKCE, PRKCB, PRKD1, PRKCQ, NCOA1, ACVR2B, UBE2K, RTN4RL1, PPM1A, CALCA, NPTX1, 
RGMB, TOR1A, SELPLG, THPO, PIK3R2, EHD4, IL2RB, CREB1, COL5A2, SIRT1, PPP1R9B, PRLR, RPL13A, HEYL, IRF1 
GO:0034765~regulation of ion 
transmembrane transport 
53 3.885630499 5.57E-07 
CALHM1, OPRM1, JPH3, KCNC3, TMEM109, KCNQ3, ANK2, ANK3, PDE4B, SERPINE1, SCN2B, NOS1AP, CACNG4, CFTR, CACNG2, CRHR1, CLIC5, PLA2G6, 
AKAP6, KCNH7, PDGFRB, RELN, STC1, VAMP2, NETO2, CAV3, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, HK1, CACNB3, FKBP1A, FKBP1B, TPCN2, ACE, KCNS2, 
NEDD4L, SLC31A2, HCN3, NOS1, ASIC2, ATP1A2, OXSR1, CACNA2D2, PLCG1, KCNJ8, NEDD4, PLN, GRK6, CACNA1E, SCN4A 
2.091820443 0.004239874 5.45E-05 0.001106751 
GO:0010648~negative regulation of cell 
communication 123 9.017595308 6.68E-07 
SLC6A1, SNCA, RORA, S1PR2, NLRC5, WNT1, CRY2, GATA3, SERPINE1, CREB3L1, SPRED1, RNF34, PID1, DAB2IP, STMN3, STRN3, SIX3, PTPRR, FGF23, SOCS4, 
UBR1, IRS1, CRHR1, MAP4K4, UCN2, HNF4A, TRIM32, VEGFA, MNT, CAV3, SYVN1, PPP2R3A, GNAI2, STRAP, DRD2, ONECUT2, DAG1, NFKBIA, BDKRB2, 
GREM2, SRC, PEA15, PEG10, AMER1, TRIM67, OVOL2, GRID2IP, AXIN2, BMF, IL1RN, NR4A2, MSTN, SKI, GAS1, HGF, FOXP1, NOTCH1, DLX1, UACA, HDAC1, 
NEDD4, RGS6, GRK6, KLF4, CREBRF, OPRM1, LZTS2, PPARG, PDCD4, LGR4, TKFC, MAPT, WWC3, LTF, AGAP2, PGAP2, TP53, LEF1, PADI2, MYADM, PRKCB, 
LRPAP1, INHBB, MFN2, PRKCQ, CCND1, PLA2G6, PSME3, CLOCK, FAIM2, ZMYND11, RTN4RL1, PPM1A, CTNND1, FKBP1B, CALCA, XBP1, BCL2, MARVELD3, 
BCL6, NFATC4, BCL9L, INPP5D, RASA4, MLLT3, PTPRD, NOS1, LMNA, TMBIM1, SNAI1, SIRT1, TMPRSS6, TP73, DUSP4, DKK1, ATXN7, HEYL, IRF1, SMPD1, 
DGKZ, IRF4, LRP4, HTR2A 
1.557535828 0.005083964 6.45E-05 0.001327648 
GO:0016310~phosphorylation 196 14.36950147 6.98E-07 
FASTKD2, PPP2R5A, SNCA, LPAR2, ITSN1, S1PR2, GAB1, DAB2IP, ROCK1, PTPRR, PPARGC1B, HNF4A, SERPINF2, VEGFA, PDGFRA, PDGFRB, NEK5, ALDOA, 
GCNT2, GNAI2, PFKFB3, DAG1, BDKRB2, EPHB2, ACE, TNKS, BMP3, UNC119, MAP2K1, IL1RN, SMAD4, MSTN, HGF, OXSR1, RPS6KL1, EPHA4, GRK6, MARCKS, 
AREG, FUK, BMP8B, KLF4, OPRM1, CCNE2, TKFC, EEF2K, TGFA, AGAP2, MYC, PHKG2, TP53, IL6R, PI4KB, MYADM, MAST3, INHBB, CCND1, MAP3K15, KSR2, 
ADK, WNT9B, SEMA4C, PLA2G6, KSR1, MAP3K14, NSD1, ZMYND11, CCR1, ATG13, HK1, FKBP1A, BCCIP, KIT, CCL22, ACSL1, DGKB, SPEG, XBP1, BCL2, MLLT1, 
GK5, NOS1, PDK3, AXL, DGKI, MID1, BRAT1, TP73, DUSP4, DKK1, RPS6KA4, MAPK13, SDHC, DGKZ, HTR2C, LRP4, HTR2A, RNASEL, SRCIN1, PSTK, CTDSPL, 
STK35, NLRC5, WNT1, MYOCD, MDFIC, RRAS, CTDSP2, SPRED1, PID1, RET, PDXK, CSNK1G1, FGF23, SOCS4, PKIA, IRS1, CDKL2, MAP4K4, GPR55, RELT, 
AKAP6, RELN, CLIP3, ERC1, CAV3, SNX9, STRAP, DRD2, PEAK1, EPHA10, ULK4, NR2C2, SRC, IRAK4, ECE1, SBK1, AXIN2, STK38L, CSF1R, DIXDC1, MET, AK3, 
AK4, AK9, CORO1C, CDKN1C, IKBKE, HDAC1, AKTIP, NDST1, PRKAG1, PIP5K1A, CBFA2T3, FES, PDCD4, RSPO1, LTF, PLCB1, IRAK2, CCDC88A, CYCS, NDUFC2, 
PRKCH, CDK6, PFKM, DAPK2, PRKCE, TBCK, PRKCB, PRKD1, PRKCQ, ACVR2B, UBE2K, FRK, SNX15, RTN4RL1, KITLG, CTNND1, CALCA, MARVELD3, UCK2, DCX, 
THPO, PIK3R2, EHD4, CREB1, SIRT6, SIRT1, PPP1R9B, PRLR, ATXN7, IRF1, SMPD1, IGFBP3, RNF41 
1.394108855 0.005309829 6.65E-05 0.001386788 
GO:0007268~synaptic transmission 68 4.985337243 6.98E-07 
OPRM1, SYT1, GFAP, JPH3, KCNC3, SLC6A1, CPEB3, SLC6A3, GLRA3, SNCA, SYNJ1, BCAN, CALB1, S1PR2, TRIM9, MAPT, DLG3, LGI1, STX1A, NOS1AP, 
CNTNAP4, NRXN2, PRKCE, PCLO, CRHR1, GRM7, CNTN2, PLA2G6, RELN, VAMP2, NETO2, RAB3B, CPLX2, GNAI2, DRD2, CRTC1, TH, CACNB1, CTNND2, 
CACNB3, KIT, RIMS4, EPHB2, NETO1, RIMS3, SHISA7, XBP1, LRRTM2, TOR1A, SYN2, PER2, GRID2IP, NFATC4, NOS1, NCDN, GABRA3, CREB1, MET, DGKI, 
CACNA2D2, DKK1, PNOC, NEUROD2, TMOD2, ADGRL1, HTR2C, NAT8L, HTR2A 
1.877671095 0.005311632 6.57E-05 0.00138726 
GO:1902531~regulation of intracellular 
signal transduction 149 10.92375367 7.73E-07 
SLC44A2, LHCGR, TNFSF14, LPAR2, RORA, ITSN1, CXCL11, CXCL10, MDFIC, GATA3, GAB1, RRAS, CREB3L1, SPRED1, RNF34, RET, DAB2IP, STMN3, PTPRR, 
PSD3, FGF23, RAD9A, SOCS4, UBR1, FARP2, MAP4K4, GPR55, HNF4A, RELT, SERPINF2, TRIM32, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CAV3, RALGPS2, 
SYVN1, GCNT2, RALGPS1, GNAI2, DRD2, SIPA1, DAG1, NFKBIA, BDKRB2, ULK4, GPR143, SRC, IRAK4, PPP1R16B, TRIM67, ECE1, FGD6, FGD3, CSF1R, DIXDC1, 
BMP3, ARHGEF33, ABR, MAP2K1, IL1RN, MET, ARPP19, MSTN, HGF, TRIM62, NOTCH2, EPHA4, IKBKE, EI24, NOTCH1, UACA, HDAC1, NEDD4, KLF4, BMP8B, 
OPRM1, SHOC2, PDCD4, TKFC, HPSE, WWC3, LTF, TGFA, PLCB1, AGAP2, ALS2CL, IRAK2, PGAP2, ARHGEF3, TP53, IL6R, ARHGEF9, EDAR, DAPK2, PRKCE, 
MYADM, ARHGAP26, PRKCB, PRKD1, INHBB, MFN2, PRKCQ, ZDHHC17, KSR2, MAP3K15, SEMA4C, PLA2G6, KSR1, MAP3K14, ZMYND11, RTN4RL1, 
RAP1GAP, CCR1, CYTH4, PPM1A, KITLG, FKBP1A, KIT, PLEKHG2, CCL22, XBP1, RASGRP4, BCL2, MARVELD3, BCL6, RASA4, THPO, PTPRD, DNM1L, AXL, 
RCAN1, DGKI, MID1, SNAI1, SIRT1, TP73, CDH13, DUSP4, IRF1, SMPD1, NEUROD2, DGKZ, IGFBP3, HTR2C, RNF41, HTR2A 
1.479238816 0.005883322 7.20E-05 0.001537011 
GO:0032412~regulation of ion 
transmembrane transporter activity 
33 2.419354839 7.96E-07 
CAV3, OPRM1, NETO2, FXYD2, JPH3, DRD2, CACNB1, HK1, CACNB3, FKBP1A, FKBP1B, KCNS2, ANK2, ANK3, PDE4B, NEDD4L, SCN2B, NOS1AP, ASIC2, 
CACNG4, CFTR, ATP1A2, OXSR1, CACNG2, CRHR1, PLCG1, NEDD4, PLN, GRK6, PLA2G6, AKAP6, RELN, VAMP2 
2.633533844 0.006054591 7.32E-05 0.00158189 
GO:0051270~regulation of cellular 
component movement 
93 6.818181818 8.32E-07 
ARSB, SRCIN1, TNFSF14, FES, CXCL11, AMOTL1, CXCL10, VCL, ANK2, MAPT, GATA3, PDE4B, SERPINE1, SEMA3E, GAB1, RRAS, PLCB1, MYC, MTUS1, RECK, 
DAB2IP, RET, PTPRM, SCN2B, MTA2, TP53, PTPRR, CHST3, PADI2, LEF1, DAPK2, PRKCE, MYADM, IRS1, BBS1, PRKD1, SEMA4F, TRIM32, VEGFA, PDGFRA, 
SEMA4C, PDGFRB, AKAP6, SEMA4B, STC1, RELN, STMN1, SRGAP2, CAV3, GCNT2, PPP2R3A, STRAP, DRD2, CCR1, ONECUT2, DAG1, KITLG, ULK4, KIT, SRC, 
ACE, BCL2, MARVELD3, BCL6, NEDD4L, ARHGDIB, CSF1R, MUC2, PLET1, ABR, MYO1C, MAP2K1, SWAP70, PODXL, MET, IL1RN, LMNA, HACE1, HGF, ATP1A2, 
SNAI1, FOXP1, CORO1C, CDH13, SEMA6A, NOTCH1, PLCG1, PLN, CXCL16, IGFBP3, KLF4, RNF41, TP53INP1 
1.680054042 0.00632722 7.56E-05 0.001653346 
GO:0048812~neuron projection 
morphogenesis 71 5.205278592 1.02E-06 
NRP2, SYT1, SRCIN1, MBP, VCL, GP5, ANK3, UNC5A, MAPT, GATA3, SEMA3E, EEF2K, CNTNAP1, LRRC55, LGI1, DISC1, RAB21, RBFOX2, DBNL, DAB2IP, 
PTPRM, EFNB3, EFNB1, COL25A1, NUMBL, MAP4K4, SLITRK4, SEMA4F, FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, STMN1, CUX1, MAP3K14, 
SRGAP2, ABLIM1, DRD2, DAG1, CTNND2, NRN1, EPHB2, ALCAM, NPTX1, PVRL1, RNF165, BCL2, BCL11B, NFATC4, NEDD4L, DCX, TLX2, CSF1R, DIXDC1, 
PTPRD, MAP2K1, CREB1, MET, NR4A2, SMAD4, DPYSL4, GAS1, RAPH1, FOXP1, SEMA6A, EPHA4, NOTCH1, MARCKS, LRP4 
1.828418458 0.007786036 9.20E-05 0.002036034 
GO:0018193~peptidyl-amino acid 
modification 
112 8.211143695 1.03E-06 
TUSC3, SRCIN1, SNCA, S1PR2, ATG5, BRPF3, MYOCD, PLOD1, GATA3, SPRED1, RET, CSNK1G1, SOCS4, NKTR, OGFOD1, EGFLAM, HNF4A, ASPHD2, VEGFA, 
PDGFRA, PDGFRB, RELN, CLIP3, SUPT6H, MAP6D1, SYVN1, PPIL2, PEAK1, SOX4, BDKRB2, SRC, EPHB2, ACE, SBK1, NAA50, TNKS, STK38L, CSF1R, ASXL2, 
UNC119, MAP2K1, TAF5, MET, SMAD4, WHSC1, OXSR1, HGF, FOXP3, NMT2, MSL2, PPIE, EPHA4, HDAC1, HNF1A, ARID4A, DPH6, ARID4B, FES, JADE2, 
PRMT2, RTF1, ANP32A, TGFA, KMT5B, NOS1AP, TP53, LEF1, PADI2, PRKCH, IL6R, FAM76A, PRKCE, PADI1, PRKCB, PRKD1, MAST3, PRKCQ, SENP3, NCOA1, 
UBE2K, FKBP11, NSD1, CLOCK, FKBP9, KMT2D, FRK, ING3, RAB3B, FUT8, KITLG, HK1, CTNND1, FKBP1A, KIT, FKBP1B, BCL2, DCX, BAZ2A, EHD4, NOS1, PDK3, 
AXL, SIRT1, DKK1, PHF19, RPS6KA4, MAPK13, IRF1, KDM4C, IRF4, LRP4, HTR2A 
1.583958983 0.007823384 9.13E-05 0.002045839 
GO:0016192~vesicle-mediated transport 121 8.870967742 1.12E-06 
SYT1, CHMP3, SRCIN1, SNCA, VPS52, SYT9, ILDR1, ITSN1, HOOK3, KIF13A, CD47, ATG5, ANK3, RAB29, SERPINE1, MS4A2, VPS4A, LGI3, SAR1A, RAB21, 
DBNL, DLL1, MYH9, ERGIC1, PCLO, VTI1A, CRHR1, SGSM2, LYST, VEGFA, SURF4, VAMP2, CLIP3, ERC1, CAV3, PACS1, SNX9, DRD2, COPZ1, SNX4, LMAN1, 
RIMS4, SRC, RIMS3, STX17, GOLPH3L, FCHO2, TMEM79, SLC30A6, RHOBTB3, HIP1, UNC119, ABR, MAP2K1, GAS1, NOTCH1, AKTIP, NEDD4, CDC42SE2, 
CXCL16, AP1B1, SYNJ1, PPARG, AP3S2, VPS37B, CXCR1, FES, AP1S2, RSPO1, TRIM9, EEF2K, NEURL1B, CAP1, PLCB1, GPIHBP1, STX1A, KIF17, RAB4A, CFTR, 
ACKR4, ELMO1, BBS1, PRKD1, CNTN2, PLA2G6, CUX1, EPN2, CALCR, CPLX2, RAB3B, RAP1GAP, CCR1, TH, BET1, EEA1, KIT, CALCA, RAB43, ARHGAP44, 
LRRTM2, SEC16A, TOR1A, NEDD4L, LYPLAL1, GPR107, EHD4, DNM1L, CNST, AXL, STAB2, SFT2D3, TMPRSS4, COG3, PREB, CDH13, DKK1, COG6, MCFD2, 
ADGRL1, SNX30, LRP4 
1.54840962 0.008535948 9.85E-05 0.002232976 
GO:0006935~chemotaxis 63 4.618768328 1.13E-06 
NRP2, TNFSF14, CXCR1, PIP5K1A, FES, CXCL11, CXCL10, UNC5A, ANK3, GATA3, PDE4B, SERPINE1, SEMA3E, LGI1, MTUS1, PTPRM, EFNB3, EFNB1, LEF1, 
PADI2, ACKR4, DAPK2, PRKD1, PRKCQ, SEMA4F, LYST, FOXG1, VEGFA, CNTN2, SEMA4C, PDGFRA, PDGFRB, SEMA4B, PLA2G6, RELN, TREM1, PARVA, 
ABLIM1, CCR1, DAG1, KIT, EPHB2, ALCAM, CALCA, CCL22, PVRL1, RNF165, BCL11B, CSF1R, SWAP70, CREB1, MET, SMAD4, DPYSL4, HGF, GAS1, FOXP1, 
SEMA6A, EPHA4, CDH13, NOTCH1, RPL13A, CXCL16 
1.906319385 0.008610147 9.83E-05 0.00225247 
GO:0051051~negative regulation of 
transport 
65 4.765395894 1.28E-06 
CTTNBP2NL, OPRM1, SRCIN1, SNCA, PPARG, LGR4, CRY2, ATG5, MDFIC, ANK3, TRIM9, MAPT, SAR1A, MYC, KDELR3, PID1, DAB2IP, FGF23, PRKCE, IRS1, 
PKIA, PRKCB, CRHR1, INHBB, MAP4K4, UCN2, HNF4A, GRM7, STC1, CAV3, DRD2, PPM1A, NFKBIA, HK1, SOX4, FKBP1A, FKBP1B, CALCA, OAZ2, PEA15, ACE, 
BCL2, LRRTM2, LYPLAL1, NEDD4L, ACSL4, AXIN2, UNC119, GNAO1, ABR, NOS1, IL1RN, SIRT6, OXSR1, ATP1A2, FOXP3, SIRT1, NOTCH1, UACA, HDAC1, 
NEDD4, PLN, GRK6, SVIP, HTR2A 
1.876902547 0.00970993 1.10E-04 0.002541584 
GO:0042330~taxis 63 4.618768328 1.30E-06 
NRP2, TNFSF14, CXCR1, PIP5K1A, FES, CXCL11, CXCL10, UNC5A, ANK3, GATA3, PDE4B, SERPINE1, SEMA3E, LGI1, MTUS1, PTPRM, EFNB3, EFNB1, LEF1, 
PADI2, ACKR4, DAPK2, PRKD1, PRKCQ, SEMA4F, LYST, FOXG1, VEGFA, CNTN2, SEMA4C, PDGFRA, PDGFRB, SEMA4B, PLA2G6, RELN, TREM1, PARVA, 
ABLIM1, CCR1, DAG1, KIT, EPHB2, ALCAM, CALCA, CCL22, PVRL1, RNF165, BCL11B, CSF1R, SWAP70, CREB1, MET, SMAD4, DPYSL4, HGF, GAS1, FOXP1, 
SEMA6A, EPHA4, CDH13, NOTCH1, RPL13A, CXCL16 
1.898409346 0.00985683 1.10E-04 0.002580226 
GO:0010033~response to organic 262 19.20821114 1.34E-06 LDHA, PGF, ADCY5, SNCA, FGFRL1, LHCGR, RORA, SIDT2, BRINP1, CRY2, PLOD1, RAE1, GAB1, SERPINE1, CREB3L1, RARB, LRRC7, DAB2IP, GJD3, GBP5, 1.30724033 0.010174155 1.12E-04 0.002663718 
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substance STRN3, YY1, UBR1, HNF4G, PPARGC1B, CRHR1, HNF4A, SERPINF2, VEGFA, PDGFRA, PDGFRB, STC1, ALDOA, GCNT2, HOXA13, DAG1, HMGCS1, NFKBIA, 
CALU, PEA15, ACE, IDH1, CDA, KLF6, BMP3, ESRRA, ABR, MAP2K1, IL1RN, SMAD4, MSTN, SKI, HGF, GAS1, USF1, NOTCH2, NOTCH1, NR1I2, KCNJ8, MARCKS, 
AREG, TRAFD1, KLF4, NCOR2, BMP8B, NRP2, OPRM1, ARSB, CREBRF, HNF1A, CPEB2, CRNKL1, CPEB3, GLRA3, SYNJ1, PPARG, NAP1L1, ZEB1, XYLT1, MAPT, 
GPX3, EEF2K, GUCY1A3, GPIHBP1, MYC, HYAL3, TP53, CFTR, ERLIN1, ACKR4, IL6R, FOSB, INHBB, CCND1, PLA2G6, CLDN18, FUT8, RAP1GAP, CCR1, TH, 
FKBP1A, KIT, FKBP1B, GCH1, TPCN2, CCL22, ACSL1, RPL32, XBP1, FAT4, IL10RB, BCL2, BCL9L, AGO4, ACSL4, SHMT1, NOS1, PDK3, AXL, AFF3, ATP1A2, 
TMPRSS6, SGTA, TRIM21, TP73, CDH13, ERP44, RPS6KA4, DKK1, PLN, SVIP, DPYD, HTR2C, LRP4, TP53INP1, HTR2A, RNASEL, SLC6A1, SLC6A3, CBX3, ILDR2, 
JAG1, CXCL11, CALB1, CXCL10, SLC2A8, NLRC5, WNT1, SLC16A1, PTGIS, ANK2, MYOCD, PAPPA, GATA3, PDE4B, NQO1, MTUS1, PID1, RET, SATB2, PDXK, 
SOGA1, FGF23, SOCS7, DLL1, SOCS4, IRS1, NUMBL, MAP4K4, THBD, UCN2, RELT, GPR55, TRIM32, AKAP6, RELN, VAMP2, CPD, GLP1R, CAV3, SYVN1, DRD2, 
STRAP, ONECUT2, PAQR7, SOX4, PAQR8, LIN28A, RRAGD, GREM2, SRC, NR2C2, IRAK4, GPR22, PEG10, RNF165, AXIN2, HCN3, SEC61A1, CSF1R, MUC2, 
MYO1C, MET, NR4A2, FOXP1, CDKN1C, IKBKE, PLCG1, HDAC1, UCP3, NEDD4, CXCL16, DNAJB2, NDST1, IL21R, RHOQ, CXCR1, MBP, TMEM173, CDIP1, LTF, 
PLCB1, FOSL1, IRAK2, ADIPOR2, PADI2, LEF1, PRKCE, PRKCB, PRKD1, MFN2, PRKCQ, ACVR2B, NCOA1, DGAT1, UBE2K, CALCR, KMT2D, RTN4RL1, PPM1A, 
CALCOCO2, CALCA, RGMB, NPTX1, TOR1A, SELPLG, EHD4, THPO, PIK3R2, IL2RB, GNAO1, CREB1, RCAN1, HID1, COL5A2, SIRT1, PPP1R9B, PRLR, RPL13A, 
HEYL, SMPD1, IRF1 
GO:0023061~signal release 57 4.17888563 1.38E-06 
OPRM1, SYT1, HNF1A, ADCY5, SNCA, SYNJ1, PPARG, SYT9, ILDR2, ILDR1, SIDT2, SLC16A1, CRY2, TRIM9, GATA3, STX1A, NOS1AP, NRXN2, FGF23, CFTR, 
PFKM, PRKCE, PCLO, IRS1, CRHR1, INHBB, MAP4K4, ACVR2B, MYRIP, DGAT1, UCN2, HNF4A, PLA2G6, VAMP2, GLP1R, CLOCK, CPLX2, DRD2, SOX4, SNX4, 
MYT1, FKBP1B, RIMS4, RIMS3, XBP1, SYN2, PER2, NOS1, CREB1, IL1RN, SMAD4, DGKI, SIRT1, HDAC1, CACNA1E, ADGRL1, HTR2C 
1.971160181 0.010440434 1.14E-04 0.002733799 
GO:0009968~negative regulation of signal 
transduction 109 7.991202346 1.53E-06 
SNCA, RORA, NLRC5, WNT1, CRY2, GATA3, SERPINE1, CREB3L1, SPRED1, RNF34, PID1, DAB2IP, STMN3, STRN3, SIX3, PTPRR, SOCS4, UBR1, IRS1, HNF4A, 
TRIM32, VEGFA, MNT, CAV3, PPP2R3A, SYVN1, STRAP, DRD2, ONECUT2, DAG1, NFKBIA, BDKRB2, GREM2, SRC, PEA15, PEG10, AMER1, TRIM67, OVOL2, 
AXIN2, BMF, IL1RN, NR4A2, MSTN, SKI, GAS1, HGF, FOXP1, NOTCH1, DLX1, UACA, HDAC1, NEDD4, RGS6, GRK6, KLF4, CREBRF, OPRM1, LZTS2, PPARG, 
PDCD4, LGR4, TKFC, WWC3, LTF, AGAP2, PGAP2, TP53, LEF1, PADI2, MYADM, PRKCB, LRPAP1, MFN2, PRKCQ, CCND1, PSME3, CLOCK, FAIM2, ZMYND11, 
RTN4RL1, PPM1A, CTNND1, CALCA, XBP1, BCL2, MARVELD3, BCL6, BCL9L, NFATC4, INPP5D, RASA4, MLLT3, PTPRD, LMNA, TMBIM1, SIRT1, TMPRSS6, 
SNAI1, TP73, DUSP4, DKK1, ATXN7, HEYL, IRF1, SMPD1, DGKZ, IRF4, LRP4 
1.583152861 0.011579777 1.25E-04 0.003033872 
GO:0006351~transcription, DNA-
templated 
241 17.6686217 1.58E-06 
RORA, DDX17, CRY2, WDR77, MED27, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, HNF4A, MTF1, 
SERPINF2, MCIDAS, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, PLAGL1, TAL2, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, SMAD4, MSTN, KLF17, SKI, UBP1, USF1, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, 
TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, AGAP2, MYC, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, 
MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, POLR2F, KIT, XBP1, BCL11B, PER2, GATAD2B, BCL6, BCL9L, ZSCAN29, BAZ2A, NOS1, LMNA, TNP1, 
PPP1R10, TMPRSS6, SNAI1, ATMIN, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, DKK1, MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, 
TP53INP1, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, MYOCD, OLIG3, MDFIC, GATA3, TGS1, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FGF23, 
DLL1, PKIA, GRHL2, FOXN3, ELL2, TRIM32, NFE2L1, RELN, GLP1R, CAMTA1, STRAP, DRD2, ONECUT2, SOX4, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, 
OVOL1, TFDP2, TAF5, MET, NR4A2, HACE1, WHSC1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, 
E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, 
KDM7A, FOXJ2, PRKCH, PADI2, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, 
ING3, ABLIM3, CTNND2, PPM1A, PPP3R1, CTCFL, CALCA, RGMB, POU2F1, NFATC4, PIK3R2, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, 
KDM4C, IRF4, RNF41 
1.324892316 0.011951689 1.28E-04 0.003131898 
GO:0000902~cell morphogenesis 129 9.457478006 1.60E-06 
SYT1, SRCIN1, FGFRL1, SIDT2, VCL, GP5, ATG5, UNC5A, ANK3, GATA3, TBC1D13, LRRC55, LGI1, DISC1, RAB21, FNDC3B, RBFOX2, DBNL, DAB2IP, RET, 
PTPRM, ROCK1, EFNB3, EFNB1, MYH9, GRHL2, TBC1D22A, NUMBL, MAP4K4, SLITRK4, VSIG1, MCIDAS, FOXG1, VEGFA, RELN, STC1, STMN1, ALDOA, GCNT2, 
HOXA13, STRAP, DRD2, TFCP2L1, PEAK1, ONECUT2, DAG1, ULK4, NRN1, SRC, EPHB2, ALCAM, OVOL2, PVRL1, RNF165, TBC1D30, AXIN2, CSF1R, DIXDC1, 
MAP2K1, MET, NR4A2, SMAD4, GAS1, HGF, TRIM62, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, NEDD4, CDC42SE2, MARCKS, NRP2, RHOJ, WASF1, RHOQ, 
FES, MBP, MAPT, SEMA3E, EEF2K, CNTNAP1, CAP1, FMNL3, LEF1, COL25A1, MYADM, BBS1, SEMA4F, CLIC5, CNTN2, WNT9B, SEMA4C, SEMA4B, JMJD1C, 
CUX1, MAP3K14, PARVA, SRGAP2, ABLIM1, ABLIM3, CTNND2, PPP3R1, KIT, NPTX1, FAT3, BCL2, BCL11B, PALM2, BCL6, NFATC4, BCL9L, NEDD4L, DCX, TLX2, 
TBC1D2, PTPRD, AKIP1, CREB1, AXL, DPYSL4, SNAI1, RAPH1, ATMIN, DKK1, HEYL, EVI5L, LRP4 
1.512219229 0.01213373 1.28E-04 0.003179893 
GO:0022603~regulation of anatomical 
structure morphogenesis 
107 7.84457478 1.63E-06 
SYT1, SRCIN1, PGF, TNFSF14, CXCL10, PTGIS, ATG5, GATA3, TBC1D13, SERPINE1, RRAS, RAB21, DISC1, DAB2IP, RET, PTPRM, ROCK1, DLL1, MYH9, 
TBC1D22A, NUMBL, HNF4A, VEGFA, RELN, TGIF2, ASB4, CAV3, ALDOA, GCNT2, PPP2R3A, STRAP, DAG1, SRC, EPHB2, PPP1R16B, OVOL2, TBC1D30, AXIN2, 
CSF1R, DIXDC1, ABR, ZMYM4, MAP2K1, MET, IL1RN, NTN4, SMAD4, HGF, TRIM62, FOXP1, FOXP2, CORO1C, SEMA6A, EPHA4, NOTCH1, PLCG1, NEDD4, 
CDC42SE2, MARCKS, KLF4, RHOJ, RHOQ, FES, LGR4, MBP, MAPT, SEMA3E, CAMSAP1, EEF2K, MYC, FMNL3, LEF1, MYADM, VAT1, PRKCB, PRKD1, ANKRD23, 
SEMA4F, CNTN2, WNT9B, SEMA4C, SEMA4B, CUX1, PARVA, KIT, XBP1, BCL2, PALM2, NFATC4, BCL9L, NEDD4L, AGO4, TLX2, TBC1D2, MLLT3, INF2, PTPRD, 
DNM1L, TMBIM1, SIRT1, COL5A2, MARCH5, SNAI1, WNT2B, DKK1, EVI5L, LRP4 
1.589063583 0.012391257 1.30E-04 0.003247805 
GO:0051056~regulation of small GTPase 
mediated signal transduction 
35 2.565982405 1.64E-06 
RALGPS2, RALGPS1, RAP1GAP, SIPA1, CYTH4, SHOC2, KITLG, LPAR2, ITSN1, PLEKHG2, TRIM67, RASGRP4, BCL6, RASA4, FGD6, FGD3, ALS2CL, ARHGEF3, 
DAB2IP, ARHGEF33, ABR, STMN3, MAP2K1, ARPP19, PSD3, ARHGEF9, DGKI, ARHGAP26, FARP2, MFN2, NOTCH2, GPR55, PDGFRB, DGKZ, RELN 
2.467727359 0.012425169 1.29E-04 0.003256749 
GO:0045664~regulation of neuron 
differentiation 
78 5.718475073 1.83E-06 
ARSB, SYT1, GFAP, SRCIN1, CPEB3, ADCY5, ZEB1, JAG1, FES, MBP, BRINP1, XYLT1, MAPT, RAB29, GATA3, SEMA3E, EEF2K, ANP32A, RARB, DISC1, LRRC7, 
RAB21, DAB2IP, RET, CCDC88A, SIX3, ZHX2, DLL1, NUMBL, MYCN, PRKD1, MAP4K4, NCOA1, SEMA4F, FOXG1, VEGFA, TRIM32, CNTN2, SEMA4C, SEMA4B, 
TGIF2, RELN, CUX1, RAP1GAP, CRTC1, ULK4, LIN28A, FKBP1B, EPHB2, TRIM67, FAT3, BCL2, BCL11B, BCL6, NFATC4, NEDD4L, TLX2, DIXDC1, PTPRD, 
MAP2K1, MET, HGF, SIRT1, TP73, NOTCH3, SEMA6A, EPHA4, NOTCH1, DKK1, NEDD4, HEYL, RGS6, NEUROD2, KDM4C, MARCKS, TCF12, LRP4, KLF4 
1.742920581 0.013882334 1.43E-04 0.00364136 
GO:0071495~cellular response to 
endogenous stimulus 
123 9.017595308 1.97E-06 
RNASEL, PGF, SNCA, LHCGR, FGFRL1, CBX3, RORA, SLC2A8, WNT1, MYOCD, PLOD1, GATA3, PDE4B, SERPINE1, RARB, MTUS1, PID1, DAB2IP, SOGA1, FGF23, 
SOCS7, HNF4G, UBR1, IRS1, CRHR1, UCN2, HNF4A, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, STC1, VAMP2, GLP1R, CAV3, GCNT2, STRAP, ONECUT2, 
HMGCS1, PAQR7, PAQR8, RRAGD, GREM2, NR2C2, SRC, SLX4, GPR22, PEG10, RNF165, HCN3, KLF6, BMP3, ESRRA, EME1, MET, IL1RN, NR4A2, SMAD4, 
MSTN, SKI, USF1, CDKN1C, NOTCH2, NOTCH1, NR1I2, UCP3, PLCG1, MARCKS, BMP8B, KLF4, CREBRF, OPRM1, NDST1, CRNKL1, CPEB2, CPEB3, GLRA3, 
PPARG, NAP1L1, RHOQ, ZEB1, EEF2K, MYC, ADIPOR2, TP53, LEF1, CFTR, FOSB, PRKCE, PRKCB, INHBB, PRKCQ, ACVR2B, NCOA1, RAP1GAP, FUT8, TH, 
PPM1A, KIT, CALCA, RGMB, ACSL1, RPL32, XBP1, FAT4, BCL9L, PIK3R2, SHMT1, NOS1, CREB1, ATP1A2, SIRT1, COL5A2, TMPRSS6, CDH13, PPP1R9B, DKK1, 
PRLR, RPL13A, HEYL, IRF1, LRP4 
1.524311941 0.014919051 1.52E-04 0.00391534 
GO:1902580~single-organism cellular 
localization 
112 8.211143695 2.15E-06 
SYT1, CHMP3, PPP2R5A, SNCA, CHMP7, LHCGR, TNFSF14, KIF13A, CRY2, ANK2, MDFIC, ANK3, RAB29, VPS4A, MS4A2, SAR1A, PID1, DAB2IP, ROCK1, SIX3, 
MYH9, PKIA, PCLO, CDKL2, CRHR1, HNF4A, UBL4A, AKAP6, RELN, VAMP2, CLIP3, CAV3, PACS1, PPIL2, DAG1, CACNB1, NFKBIA, SNX4, GPR143, RIMS4, 
RIMS3, AXIN2, FCHO2, SEC61A1, GPR158, MYO1C, MAP2K1, SMAD4, CDC23, CRB3, UACA, NEDD4, SPCS2, DPH6, GLRA3, SYNJ1, AP3S2, RHOQ, PIP5K1A, 
PEX3, TMEM173, AP1S2, TRIM9, PEX2, NMUR1, MAPT, DLG3, SH3PXD2B, STX1A, NRXN2, ZDHHC8, FLOT2, TP53, SRPRA, EDAR, ARHGEF9, MYADM, BBS1, 
MFN2, PRKCQ, ATG4B, CALCR, CPLX2, ABLIM3, PPFIA1, TH, ATG13, PPP3R1, PPM1A, KIT, ZDHHC23, MOAP1, TSPAN33, XBP1, SEC16A, TOR1A, CHM, BCL6, 
LYPLAL1, ELMOD1, PIK3R2, SPRN, CNST, TSPAN14, LRRC46, LMNA, TMBIM1, SIRT1, PPP1R9B, KCNN3, ADGRL1, LRP4 
1.56115727 0.016256473 1.64E-04 0.004269216 
GO:0009892~negative regulation of 
metabolic process 
236 17.30205279 2.27E-06 
DYNC1LI1, PPP2R5A, SNCA, CRY2, SERPINE1, RARB, TWIST2, RECK, DAB2IP, ROCK1, STRN3, YY1, PTPRR, ZHX2, PPARGC1B, UHRF2, HNF4A, SERPINF2, 
FOXG1, VEGFA, MNT, TGIF2, ATPIF1, ATXN1L, WFDC5, SUPT6H, TNRC18, TFCP2L1, DAG1, NFKBIA, BDKRB2, MYT1, CALU, ACE, LPCAT1, CDA, NAT10, TNKS, 
PLAG1, ASXL2, ESRRA, MAP2K1, SMAD4, MSTN, KLF17, SKI, HGF, GAS1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, 
KLF4, NCOR2, OPRM1, CREBRF, HNF1A, CPEB2, CPEB3, MITF, PPARG, ZEB1, ANP32A, MKX, AGAP2, MYC, FLOT2, TP53, ERLIN1, SPEN, IL6R, MYADM, MYCN, 
1.322942419 0.017140653 1.71E-04 0.00450343 
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MXD4, INHBB, CCND1, SERPINB8, GRM7, SERPINB2, NSD1, CLOCK, ZMYND11, CCR1, FKBP1A, FKBP1B, SF3B3, XBP1, BCL2, LRRTM2, PER2, GATAD2B, 
MLLT1, BCL6, AGO4, BAZ2A, RASA4, NOS1, CNST, SWAP70, PPP1R11, TNP1, PPP1R10, MARCH8, DGKI, TMPRSS6, SNAI1, TRIM21, TP73, DUSP4, PHF19, 
DKK1, OBFC1, PLN, NEUROD2, ZBTB4, DGKZ, SVIP, HTR2C, NCBP2, SRCIN1, CTDSPL, XPO5, TNFSF14, CBX3, MAF1, NLRC5, WNT1, PTGIS, ATG5, MYOCD, 
OLIG3, MDFIC, GATA3, CTDSP2, SPRED1, RNF34, NQO1, SAMD4A, PID1, SATB1, RBFOX2, SATB2, SOGA1, MTA2, SIX3, SOCS4, PKIA, FOXN3, UCN2, TRIM32, 
AKAP6, CAV3, STRAP, DRD2, SOX4, LIN28A, SRC, OAZ2, PPP1R16B, OVOL2, GMIP, CNOT6L, ITGB8, OVOL1, TFDP2, RNF169, LMTK3, MET, NR4A2, ARPP19, 
WHSC1, RNPS1, FOXP3, TRIM62, FOXP1, FOXP2, CORO1C, CDKN1C, HSPBP1, HDAC1, NEDD4, ATF7, DNAJB2, ARID4A, CBFA2T3, PDCD4, LGR4, PRMT2, 
PEX2, PCBP4, RTF1, WWC3, LTF, DLG3, PLCB1, IRAK2, TBL1XR1, ANKS1A, CYCS, RIMBP2, LEF1, PRKCE, NRIP2, PURB, ACVR2B, MDM4, CUX1, FRK, KMT2D, 
RTN4RL1, CALCA, MARVELD3, POU2F1, NFATC4, INPP5D, TNRC6B, FETUB, CREB1, SIRT6, TMBIM1, SIRT1, PPP1R9B, RPL13A, CDAN1, ATXN7, HEYL, SMPD1, 
IRF1, KDM4C, IGFBP3 
GO:0007417~central nervous system 
development 
111 8.137829912 2.46E-06 
SYT1, LDHA, SLC6A3, LHCGR, RORA, HOOK3, WNT1, OLIG3, RARB, DISC1, INA, RBFOX2, SATB2, DAB2IP, SIX3, SOCS7, DLL1, GRHL2, NUMBL, CRHR1, NAV2, 
FOXG1, RELN, STMN1, PFKFB3, DRD2, HMGCS1, SOX4, ULK4, NR2C2, SRC, EPHB2, TAL2, ACE, SBK1, CSF1R, DIXDC1, ABR, B4GALT2, MAP2K1, MET, AK3, 
NR4A2, ROGDI, SKI, SLC6A17, AK4, GAS1, FOXP1, KCNK3, FOXP2, NOTCH3, EPHA4, NOTCH1, DLX1, HDAC1, ZIC5, MARCKS, AREG, NCOR2, NRP2, ARSB, 
GFAP, NDST1, CRNKL1, SYNJ1, PPARG, BCAN, ZEB1, UQCRQ, MBP, KCNQ3, MAPT, PAX7, CNTNAP2, PLCB1, CASP2, MYC, ANP32B, TP53, LEF1, PADI2, MYCN, 
BBS1, INHBB, NCOA1, CNTN2, MYRF, SEMA4C, FAIM2, SRGAP2, CCR1, TH, CTNND1, FAT4, BCL2, BCL11B, SEC16A, SLC4A7, PAFAH1B2, DCX, GNAO1, TRNP1, 
CREB1, AXL, TP73, WNT2B, PPP1R9B, DKK1, NEUROD2, ADGRL1 
1.559189107 0.018578202 1.84E-04 0.004884676 
GO:0007612~learning 29 2.126099707 2.52E-06 JPH3, SLC6A1, DRD2, SYNJ1, TH, CTNND2, KIT, EPHB2, NETO1, AP1S2, CHST10, CNTNAP2, PLCB1, FOSL1, B4GALT2, NRXN2, CREB1, ATP1A2, DGKI, FOXP2, 
GMFB, CRHR1, PPP1R9B, GRM7, CNTN2, NEUROD2, CACNA1E, RELN, GLP1R 
2.700037224 0.019032263 1.87E-04 0.005005211 
GO:0009628~response to abiotic stimulus 129 9.457478006 2.61E-06 
LDHA, PGF, TNFSF14, RORA, CXCL10, SLC2A8, PTGIS, CRY2, MYOCD, PLOD1, GATA3, SERPINE1, RNF34, DISC1, PDXK, YY1, RAD9B, RAD9A, IRS1, CRHR1, 
UCN2, THBD, HNF4A, TRIM32, PGM1, VEGFA, PDGFRA, PDGFRB, RELN, STC1, NGB, MFAP4, CAV3, ALDOA, DRD2, CRTC1, SIPA1, HMGCS1, SOX4, NFKBIA, 
BDKRB2, SRC, ACE, ECE1, B4GALT2, MET, NR4A2, SMAD4, MSTN, OXSR1, USF1, KCNK3, FOXP2, EI24, NOTCH1, UACA, UCP3, HDAC1, PLCG1, NEDD4, KCNJ8, 
CACNA1E, ARSB, OPRM1, FAM175B, CPEB2, PPARG, CBFA2T3, TMEM109, AP1S2, PRMT2, XYLT1, EEF2K, CNTNAP2, ABHD12, MYC, CASP2, FOSL1, STX1A, 
HYAL3, NRXN2, TP53, FOSB, IL6R, PRKCE, PRKCB, INHBB, PRKCQ, CCND1, XPC, ANKRD23, MDM4, MAP3K14, CLOCK, TH, KIT, NETO1, CALCA, BEST1, XBP1, 
BCL2, MARVELD3, NFATC4, NEDD4L, UCK2, SCNN1G, DCX, NOS1, SLC12A2, CREB1, PDK3, ASIC2, LMNA, RCAN1, ATP1A2, SIRT1, BRAT1, TP73, CDC25A, 
AGTRAP, PPP1R9B, RDH11, MAPK13, RPL13A, IRF1, NEUROD2, HTR2A, TP53INP1, OPN4 
1.498911699 0.019715856 1.91E-04 0.005186783 
GO:0007610~behavior 94 6.891495601 2.72E-06 
CREBRF, OPRM1, JPH3, SLC6A1, CPEB3, SLC6A3, ADCY5, SNCA, SYNJ1, TNFSF14, CXCL11, CALB1, CXCL10, SLC16A1, AP1S2, CHST10, MAPT, SERPINE1, 
SEMA3E, CNTNAP2, ABHD12, PLCB1, FOSL1, MTUS1, GRID1, CNTNAP4, NRXN2, EFNB3, ZDHHC8, TP53, SIX3, PADI2, DAPK2, PRKCE, BBS1, PRKD1, CRHR1, 
NCOA1, NAPEPLD, DGAT1, NAV2, CELF6, SEMA4F, GRM7, VEGFA, CNTN2, PDGFRA, SEMA4C, PDGFRB, SEMA4B, PLA2G6, RELN, GLP1R, SCN1A, DRD2, 
CCR1, KCNA2, CRTC1, TH, CTNND2, KIT, NR2C2, EPHB2, NETO1, CALCA, ACE, BCL2, MYO15A, UCK2, NOS1, B4GALT2, GNAO1, SWAP70, CREB1, MET, IL1RN, 
NR4A2, AFF2, RCAN1, ATP1A2, DGKI, FOXP2, GMFB, CDH13, PPP1R9B, EPHA4, SEMA6A, NOTCH1, NEUROD2, TMOD2, CACNA1E, ADAM22, HTR2C, HTR2A 
1.629221704 0.020527632 1.98E-04 0.005402567 
GO:1903649~regulation of cytoplasmic 
transport 
58 4.252199413 2.97E-06 
NCBP2, DPH6, XPO4, LHCGR, SNCA, TNFSF14, CXCL11, CXCL10, TMEM173, ANK2, ATG5, MDFIC, NMUR1, MS4A2, SAR1A, RAB21, DAB2IP, ANP32B, 
ZDHHC8, EDAR, PRKCE, CDKL2, PKIA, PRKD1, PRKCQ, HNF4A, AKAP6, ATPIF1, SUPT6H, ABLIM3, ATG13, PPM1A, PPP3R1, NFKBIA, SOX4, FKBP1A, FKBP1B, 
SRC, CALCA, XBP1, BCL2, LYPLAL1, AXIN2, PIK3R2, ELMOD1, CNST, MAP2K1, SMAD4, LRRC46, PTPN14, GAS1, SIRT1, UACA, PLCG1, NEDD4, PLN, KCNN3, 
SVIP 
1.910230417 0.022429107 2.14E-04 0.005908709 
GO:0070887~cellular response to chemical 
stimulus 223 16.34897361 3.10E-06 
SYT1, PGF, ADCY5, SNCA, FGFRL1, LHCGR, RORA, BRINP1, PLOD1, RAE1, GAB1, SERPINE1, CREB3L1, RARB, DAB2IP, GBP5, YY1, HNF4G, UBR1, PPARGC1B, 
CRHR1, HNF4A, VEGFA, PDGFRA, PDGFRB, STC1, GCNT2, HOXA13, HMGCS1, NFKBIA, BDKRB2, ACE, KLF6, BMP3, ESRRA, IL1RN, SMAD4, MSTN, SKI, HGF, 
GAS1, USF1, KCNK3, NOTCH2, NOTCH1, NR1I2, MARCKS, KLF4, BMP8B, NRP2, OPRM1, CREBRF, CPEB2, CRNKL1, CPEB3, GLRA3, PPARG, NAP1L1, ZEB1, 
MAPT, EEF2K, MYC, HYAL3, TP53, CFTR, IL6R, FOSB, ACKR4, INHBB, CCND1, PLA2G6, PARVA, CLDN18, RAP1GAP, FUT8, CCR1, TH, FKBP1A, KIT, FKBP1B, 
GCH1, CCL22, ACSL1, RPL32, XBP1, FAT4, IL10RB, BCL2, BCL9L, AGO4, RASA4, SHMT1, NOS1, SWAP70, PDK3, AXL, LMNA, ATP1A2, TMPRSS6, CDH13, 
RPS6KA4, DKK1, NEUROD2, LRP4, TP53INP1, RNASEL, TNFSF14, CBX3, CXCL11, CALB1, CXCL10, SLC2A8, NLRC5, WNT1, SLC16A1, PTGIS, MYOCD, ANK3, 
GATA3, PDE4B, NQO1, MTUS1, PID1, RET, SATB2, SOGA1, FGF23, SOCS7, DLL1, SOCS4, IRS1, NUMBL, MAP4K4, UCN2, RELT, LYST, TRIM32, AKAP6, NFE2L1, 
RELN, VAMP2, CPD, NGB, GLP1R, CAV3, SYVN1, STRAP, SIPA1, ONECUT2, SOX4, PAQR7, PAQR8, RRAGD, LIN28A, GREM2, NR2C2, SRC, IRAK4, PEG10, 
GPR22, RNF165, AXIN2, HCN3, CSF1R, MUC2, LPO, MYO1C, MET, NR4A2, CDKN1C, UACA, UCP3, PLCG1, HDAC1, NEDD4, CXCL16, NDST1, IL21R, RHOQ, 
CXCR1, PIP5K1A, TMEM173, KCNQ3, CDIP1, LTF, PLCB1, IRAK2, ADIPOR2, PADI2, LEF1, DAPK2, PRKCE, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, UBE2K, 
MDM4, TREM1, RTN4RL1, PPM1A, CALCA, RGMB, NPTX1, TOR1A, NFATC4, UCK2, SELPLG, THPO, PIK3R2, EHD4, IL2RB, NCEH1, CREB1, ASIC2, COL5A2, 
SIRT1, PPP1R9B, PRLR, RPL13A, HEYL, IRF1 
1.331248423 0.023382933 2.21E-04 0.006162972 
GO:0048585~negative regulation of 
response to stimulus 
135 9.897360704 3.75E-06 
SLC6A3, SNCA, RORA, NLRC5, WNT1, GP5, PTGIS, CRY2, GATA3, SERPINE1, CREB3L1, SPRED1, RNF34, PID1, DAB2IP, STMN3, STRN3, PTPRR, SIX3, SOCS4, 
UBR1, IRS1, CRHR1, MAP4K4, NAPEPLD, THBD, HNF4A, SERPINF2, TRIM32, VEGFA, PDGFRA, MNT, NGB, CAV3, SYVN1, PPP2R3A, STRAP, DRD2, ONECUT2, 
DAG1, NFKBIA, BDKRB2, GREM2, SRC, PEA15, PEG10, AMER1, TRIM67, OVOL2, RNF169, AXIN2, BMF, ABR, MET, IL1RN, NR4A2, MSTN, SKI, GAS1, HGF, 
FOXP3, FOXP1, EPHA4, SEMA6A, NOTCH1, DLX1, UACA, HDAC1, NEDD4, RGS6, GRK6, TRAFD1, KLF4, CREBRF, OPRM1, LZTS2, PPARG, PDCD4, LGR4, XYLT1, 
TKFC, WWC3, SEMA3E, LTF, AGAP2, PGAP2, TP53, LEF1, PADI2, CDK6, MYADM, PRKCB, LRPAP1, MFN2, PRKCQ, CCND1, SEMA4F, SEMA4C, SEMA4B, 
PSME3, CLOCK, FAIM2, ZMYND11, RTN4RL1, CCR1, PPM1A, CTNND1, FKBP1B, CALCA, XBP1, BCL2, MARVELD3, BCL6, NFATC4, BCL9L, INPP5D, RASA4, 
MLLT3, PTPRD, LMNA, TMBIM1, SNAI1, TMPRSS6, SIRT1, TP73, DUSP4, DKK1, ATXN7, HEYL, IRF1, SMPD1, DGKZ, SVIP, IRF4, LRP4 
1.472061301 0.028206932 2.65E-04 0.007452721 
GO:0051241~negative regulation of 
multicellular organismal process 
113 8.284457478 3.89E-06 
ADCY5, JAG1, CXCL10, HOOK3, GP5, CRY2, MYOCD, GATA3, RAB29, PDE4B, SERPINE1, WDR77, RARB, FNDC3B, TWIST2, DAB2IP, PTPRM, ATG9A, ROCK1, 
ZHX2, SIX3, PTPRR, FGF23, DLL1, GRHL2, MAP4K4, UCN2, THBD, GPR55, SERPINF2, FOXG1, VEGFA, PDGFRA, STC1, CAV3, STRAP, DRD2, NFKBIA, LIN28A, 
EPHB2, OVOL2, AXIN2, ARHGDIB, DIXDC1, ZBTB46, ABR, MET, MSTN, SKI, HGF, FOXP3, TRIM62, FOXP1, CORO1C, NOTCH3, SEMA6A, EPHA4, NOTCH1, 
DLX1, AREG, ADRA1D, KLF4, GFAP, MRVI1, PPARG, LGR4, MBP, XYLT1, WWC3, SEMA3E, ANP32A, GUCY1A3, MYC, TP53, LEF1, CDK6, IL6R, MYCN, LRPAP1, 
INHBB, SEMA4F, CNTN2, SEMA4C, SEMA4B, SRGAP2, CALCR, CLDN18, RAP1GAP, CCR1, FKBP1B, CALCA, FAT3, BCL2, MARVELD3, BCL6, NFATC4, INPP5D, 
TLX2, NOS1, LMNA, AXL, ATP1A2, SNAI1, SIRT1, COL5A2, TMPRSS6, TP73, DKK1, PLN, IRF1, NEUROD2, LRP4, TOB2 
1.536751136 0.029245933 2.72E-04 0.007731345 
GO:0016570~histone modification 55 4.032258065 4.12E-06 
KMT2D, ING3, HNF1A, ARID4A, SNCA, ARID4B, CTCFL, JADE2, PRMT2, ATG5, MYOCD, BRPF3, NAA50, XBP1, PAX7, GATA3, RTF1, ANP32A, PER2, BCL6, 
BAZ2A, KMT5B, KDM5D, ASXL2, SATB1, KDM7A, TBL1XR1, NOS1, TAF5, MTA2, TP53, SMAD4, PADI2, LEF1, WHSC1, SIRT6, FOXP3, SIRT1, ATXN7L3, PRKCB, 
PRKD1, MSL2, NCOA1, RPS6KA4, PHF19, HDAC1, ATXN7, TRPS1, VEGFA, KDM8, KDM4C, IRF4, NSD1, CLOCK, SUPT6H 
1.929561835 0.030967412 2.86E-04 0.008193641 
GO:0051580~regulation of 
neurotransmitter uptake 
8 0.586510264 4.17E-06 GFAP, RAB3B, NOS1, DRD2, TOR1A, SNCA, PER2, NAT8L 9.682892115 0.031340425 2.87E-04 0.00829392 
GO:0034613~cellular protein localization 139 10.19061584 4.37E-06 
XPO5, PPP2R5A, XPO4, LHCGR, TNFSF14, VCL, HOOK3, KIF13A, CRY2, ANK2, ANK3, MDFIC, RAB29, VPS4A, SAR1A, DISC1, PID1, DAB2IP, ATG9A, ROCK1, 
SIX3, CDKL2, PKIA, IRS1, VTI1A, HNF4A, VEGFA, UBL4A, SURF4, AKAP6, ATPIF1, RELN, VAMP2, CLIP3, CAV3, PACS1, SNX9, SYVN1, COPZ1, PPIL2, CACNB1, 
DAG1, SOX4, NFKBIA, LMAN1, SRC, OAZ2, STX17, TNKS, AXIN2, FCHO2, SEC61A1, GPR158, MYO1C, PTPN14, SMAD4, CRB3, WIPI2, GAS8, UACA, NEDD4, 
DCP1A, MARCKS, SPCS2, LZTS2, AP1B1, DPH6, GLRA3, AP3S2, RHOQ, PEX3, PIP5K1A, TMEM173, AP1S2, NMUR1, PEX2, DLG3, CNTNAP2, CNTNAP1, 
GPIHBP1, KDELR3, SH3PXD2B, STX1A, ANP32B, NRXN2, FLOT2, RAB4A, ZDHHC8, TP53, SRPRA, ARHGEF9, EDAR, MYADM, BBS1, MFN2, PRKCQ, MYRIP, 
ATG4B, CNTN2, TOM1, CALCR, CLDN18, ABLIM3, PPFIA1, ATG13, PPP3R1, PPM1A, HK1, ZDHHC23, MOAP1, TSPAN33, XBP1, TMEM33, TOR1A, CHM, BCL6, 
NEDD4L, LYPLAL1, ELMOD1, PIK3R2, SPRN, DNM1L, CNST, TSPAN14, LRRC46, LMNA, MAL, TMBIM1, MID1, HID1, MARCH5, SIRT1, COG3, PPP1R9B, KCNN3, 
SVIP, LRP4, TP53INP2, HTR2A 
1.457677261 0.032794155 2.98E-04 0.008685102 
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GO:0016482~cytoplasmic transport 103 7.551319648 5.09E-06 
NCBP2, CHMP3, XPO5, XPO4, LHCGR, CHMP7, SNCA, TNFSF14, CXCL11, CXCL10, HOOK3, KIF13A, CRY2, ATG5, ANK2, MDFIC, ANK3, RAB29, MS4A2, SAR1A, 
RAB21, DAB2IP, SIX3, ERGIC1, PKIA, CDKL2, VTI1A, HNF4A, SGSM2, LYST, SURF4, AKAP6, ATPIF1, VAMP2, GLP1R, SUPT6H, PACS1, SYVN1, DRD2, DAG1, 
NFKBIA, SOX4, LMAN1, SRC, STX17, AXIN2, SEC61A1, SLC30A6, MAP2K1, SMAD4, PTPN14, GAS1, UACA, PLCG1, AKTIP, NEDD4, SPCS2, JPH3, LZTS2, DPH6, 
PEX3, TMEM173, PEX2, NMUR1, ANP32A, ANP32B, RAB4A, ZDHHC8, TP53, SRPRA, EDAR, PRKCE, BBS1, PRKD1, MFN2, PRKCQ, ABLIM3, ATG13, BET1, 
PPP3R1, PPM1A, FKBP1A, FKBP1B, TPCN2, CALCA, XBP1, BCL2, SEC16A, BCL6, LYPLAL1, PIK3R2, ELMOD1, SPRN, CNST, LRRC46, LMNA, SIRT1, COG3, 
KCNN3, PLN, SVIP, HTR2C, HTR2A 
1.564860703 0.038066909 3.43E-04 0.010108876 
GO:0046903~secretion 112 8.211143695 5.50E-06 
SYT1, KCNC3, CHMP3, SLC6A1, SRCIN1, VTCN1, ADCY5, SLC6A3, SNCA, LHCGR, SYT9, ILDR2, ILDR1, ITSN1, SIDT2, PNP, SLC16A1, CRY2, ATG5, GATA3, VPS4A, 
MS4A2, CREB3L1, LGI3, RAB21, GBP5, FGF23, IRS1, PCLO, CRHR1, MAP4K4, PNPLA8, UCN2, HNF4A, LYST, VEGFA, STC1, VAMP2, GLP1R, DRD2, KCNA2, 
SOX4, SNX4, BDKRB2, MYT1, RIMS4, SRC, RIMS3, ACE, GOLPH3L, TMEM79, CSF1R, ABR, MET, IL1RN, SMAD4, FOXP3, FOXP1, NOTCH2, NOTCH1, HDAC1, 
PLCG1, CACNA1E, NCOR2, OPRM1, HNF1A, SYNJ1, PPARG, FES, LGR4, TRIM9, PLCB1, MYC, STX1A, NOS1AP, NRXN2, CFTR, PFKM, PRKCE, PRKCB, INHBB, 
PRKCQ, ACVR2B, MYRIP, NCOA1, CCND1, DGAT1, GRM7, PLA2G6, TREM1, CLOCK, CPLX2, RAB3B, CCR1, KIT, FKBP1B, XBP1, ARHGAP44, SYN2, PER2, ACSL4, 
DNM1L, NOS1, CREB1, AXL, DGKI, SIRT1, TP73, PRLR, ADGRL1, HTR2C, HTR2A 
1.528877702 0.041135207 3.68E-04 0.010940979 
GO:0008283~cell proliferation 169 12.39002933 5.62E-06 
PGF, VTCN1, FGFRL1, RORA, TPD52, SIDT2, PNP, HOOK3, CXCL10, WNT1, CD47, MYOCD, GATA3, SERPINE1, WDR77, SLC25A27, RARB, DISC1, FNDC3B, 
TWIST2, PID1, SATB1, DAB2IP, PTPRM, PDXK, TAF4B, EFNB1, SIX3, DLL1, IRS1, GRHL2, NUMBL, OGFOD1, TNS2, UHRF2, UCN2, HNF4A, SERPINF2, TBRG1, 
VEGFA, TRIM32, FOXG1, EIF2S2, PDGFRA, PDGFRB, ATPIF1, STC1, ATXN1L, GLP1R, PLA2G2F, CAV3, FZR1, GCNT2, GNAI2, DRD2, STRAP, SOX4, BDKRB2, 
LIN28A, SRC, IRAK4, PPP1R16B, ACE, OVOL2, CNOT6L, OVOL1, FBXW4, AXIN2, CSF1R, PLAG1, DIXDC1, MUC2, MAP2K1, MET, PTPN14, SMAD4, ROGDI, 
MSTN, SKI, HGF, DOCK8, GAS1, FOXP3, FOXP1, FOXP2, NOTCH3, CDKN1C, NOTCH2, NOTCH1, HDAC1, DNAJB2, AREG, KLF4, NCOR2, LZTS2, GFAP, E2F3, 
MARCKSL1, PPARG, NAP1L1, ZEB1, CBFA2T3, LGR4, WISP2, FAM83A, RSPO1, HPSE, PEX2, PAX7, LTF, TGFA, AGAP2, MYC, FOSL1, ANP32B, TP53, PRKCH, 
LEF1, CDK6, IL6R, PURB, MYCN, BBS1, PRKD1, MFN2, PRKCQ, CCND1, XIRP1, ADK, MDM4, SRGAP2, KMT2D, RAP1GAP, KITLG, FKBP1A, KIT, FKBP1B, CALCA, 
XBP1, FAT4, RASGRP4, BCL2, BCL11B, MARVELD3, PER2, GMNC, BCL6, INPP5D, THPO, NOS1, CR2, TRNP1, CREB1, AXL, LMNA, SIRT6, BRAT1, SIRT1, TP73, 
WNT2B, CDH13, PPP1R8, SP2, IRF1, KDM4C, IGFBP3, RNF41, TP53INP1, HTR2A 
1.392293336 0.04196394 3.73E-04 0.011166182 
GO:0070727~cellular macromolecule 
localization 
139 10.19061584 5.69E-06 
XPO5, PPP2R5A, XPO4, LHCGR, TNFSF14, VCL, HOOK3, KIF13A, CRY2, ANK2, ANK3, MDFIC, RAB29, VPS4A, SAR1A, DISC1, PID1, DAB2IP, ATG9A, ROCK1, 
SIX3, CDKL2, PKIA, IRS1, VTI1A, HNF4A, VEGFA, UBL4A, SURF4, AKAP6, ATPIF1, RELN, VAMP2, CLIP3, CAV3, PACS1, SNX9, SYVN1, COPZ1, PPIL2, CACNB1, 
DAG1, SOX4, NFKBIA, LMAN1, SRC, OAZ2, STX17, TNKS, AXIN2, FCHO2, SEC61A1, GPR158, MYO1C, PTPN14, SMAD4, CRB3, WIPI2, GAS8, UACA, NEDD4, 
DCP1A, MARCKS, SPCS2, LZTS2, AP1B1, DPH6, GLRA3, AP3S2, RHOQ, PEX3, PIP5K1A, TMEM173, AP1S2, NMUR1, PEX2, DLG3, CNTNAP2, CNTNAP1, 
GPIHBP1, KDELR3, SH3PXD2B, STX1A, ANP32B, NRXN2, FLOT2, RAB4A, ZDHHC8, TP53, SRPRA, ARHGEF9, EDAR, MYADM, BBS1, MFN2, PRKCQ, MYRIP, 
ATG4B, CNTN2, TOM1, CALCR, CLDN18, ABLIM3, PPFIA1, ATG13, PPP3R1, PPM1A, HK1, ZDHHC23, MOAP1, TSPAN33, XBP1, TMEM33, TOR1A, CHM, BCL6, 
NEDD4L, LYPLAL1, ELMOD1, PIK3R2, SPRN, DNM1L, CNST, TSPAN14, LRRC46, LMNA, MAL, TMBIM1, MID1, HID1, MARCH5, SIRT1, COG3, PPP1R9B, KCNN3, 
SVIP, LRP4, TP53INP2, HTR2A 
1.449305819 0.04247331 3.74E-04 0.011304697 
GO:0051129~negative regulation of 
cellular component organization 
74 5.425219941 5.94E-06 
DYNC1LI1, LIMA1, GFAP, PPP2R5A, ADCY5, SNCA, RHOQ, MBP, CXCL10, ATG5, TRIM9, XYLT1, RAB29, SEMA3E, ANP32A, SAR1A, PID1, DBNL, DAB2IP, 
ROCK1, TP53, MYH9, MYADM, VAT1, MAP4K4, PLEKHH2, SEMA4F, SEMA4C, SEMA4B, CLIP3, STMN1, ADD2, SUPT6H, MAP6D1, CAV3, RAP1GAP, STRAP, 
PPFIA1, PPM1A, SRC, EPHB2, ACE, FAT3, OVOL2, LRRTM2, TNKS, NAT10, NFATC4, LYPLAL1, TBC1D30, TLX2, UNC119, SWAP70, MAP1A, LMNA, HGF, 
TMBIM1, MID1, FOXP3, TRIM62, SIRT1, GMFB, CORO1C, SEMA6A, EPHA4, RPL13A, NEUROD2, TMOD2, KDM4C, DNAJB2, SVIP, EVI5L, DNAJB1, LRP4 
1.716934544 0.044350297 3.88E-04 0.011815746 
GO:0050890~cognition 43 3.152492669 6.00E-06 
JPH3, TUSC3, SLC6A1, CPEB3, DRD2, CRTC1, LHCGR, SYNJ1, TH, CTNND2, KIT, CALB1, EPHB2, NETO1, AP1S2, CHST10, MAPT, CNTNAP2, PLCB1, FOSL1, 
JAKMIP1, B4GALT2, NRXN2, CREB1, IL1RN, RCAN1, AFF2, ATP1A2, DGKI, FOXP2, GMFB, CRHR1, PPP1R9B, MAGT1, GRM7, CNTN2, TMOD2, NEUROD2, 
PLA2G6, CACNA1E, RELN, GLP1R, HTR2A 
2.109954532 0.044787124 3.88E-04 0.011934826 
GO:0006836~neurotransmitter transport 30 2.19941349 6.09E-06 
SYT1, GFAP, RAB3B, CPLX2, KCNC3, SLC6A1, DRD2, SLC6A3, SYNJ1, SNCA, RIMS4, RIMS3, XBP1, TRIM9, SYN2, TOR1A, PER2, STX1A, NOS1, NOS1AP, NRXN2, 
SLC6A14, SLC6A17, ATP1A2, DGKI, PCLO, ADGRL1, VAMP2, HTR2C, NAT8L 
2.533314798 0.045438191 3.91E-04 0.012112407 
GO:0000122~negative regulation of 
transcription from RNA polymerase II 
promoter 
84 6.158357771 6.28E-06 
CREBRF, HNF1A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, CRY2, MYOCD, OLIG3, PEX2, GATA3, WWC3, RTF1, MKX, RARB, MYC, TWIST2, SATB1, TBL1XR1, 
SATB2, DAB2IP, MTA2, YY1, STRN3, ZHX2, TP53, LEF1, SPEN, PKIA, PURB, NRIP2, ACVR2B, CCND1, FOXG1, VEGFA, MNT, TGIF2, MDM4, ATXN1L, CUX1, 
NSD1, ZMYND11, FRK, STRAP, TFCP2L1, XBP1, OVOL1, PER2, GATAD2B, BCL6, NFATC4, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, 
SNAI1, SIRT1, TMPRSS6, TP73, FOXP1, FOXP2, ZBTB42, NOTCH3, CDKN1C, NOTCH2, NOTCH1, DLX1, DKK1, PHF19, HDAC1, NEDD4, TRPS1, ATF7, HEYL, 
ZBTB4, JAZF1, KLF4, NCOR2 
1.648708657 0.046798733 3.99E-04 0.012483892 
GO:0006468~protein phosphorylation 164 12.02346041 6.29E-06 
RNASEL, FASTKD2, SRCIN1, CTDSPL, SNCA, STK35, LPAR2, S1PR2, WNT1, MYOCD, MDFIC, GAB1, RRAS, CTDSP2, SPRED1, PID1, RET, DAB2IP, ROCK1, 
CSNK1G1, PTPRR, FGF23, SOCS4, CDKL2, PKIA, MAP4K4, GPR55, HNF4A, RELT, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, ERC1, NEK5, 
CAV3, SNX9, GCNT2, GNAI2, STRAP, DRD2, PEAK1, DAG1, EPHA10, BDKRB2, ULK4, SRC, NR2C2, EPHB2, IRAK4, ACE, ECE1, SBK1, TNKS, AXIN2, STK38L, 
CSF1R, DIXDC1, BMP3, UNC119, MAP2K1, IL1RN, MET, SMAD4, MSTN, HGF, OXSR1, RPS6KL1, CORO1C, CDKN1C, EPHA4, IKBKE, AKTIP, HDAC1, GRK6, 
MARCKS, KLF4, BMP8B, OPRM1, NDST1, PRKAG1, FES, PDCD4, CCNE2, RSPO1, EEF2K, LTF, TGFA, PLCB1, AGAP2, MYC, IRAK2, CCDC88A, PHKG2, TP53, 
PRKCH, CDK6, IL6R, DAPK2, PRKCE, MYADM, TBCK, PRKCB, PRKD1, MAST3, INHBB, PRKCQ, ACVR2B, CCND1, KSR2, MAP3K15, UBE2K, SEMA4C, PLA2G6, 
KSR1, MAP3K14, NSD1, FRK, ZMYND11, RTN4RL1, SNX15, CCR1, ATG13, CTNND1, HK1, KITLG, BCCIP, FKBP1A, KIT, CALCA, CCL22, ACSL1, XBP1, SPEG, BCL2, 
MARVELD3, MLLT1, DCX, EHD4, THPO, NOS1, PDK3, CREB1, AXL, MID1, SIRT1, BRAT1, TP73, PPP1R9B, DUSP4, RPS6KA4, DKK1, PRLR, MAPK13, IRF1, 
SMPD1, IGFBP3, HTR2C, LRP4, RNF41, HTR2A 
1.396243529 0.046880935 3.97E-04 0.012506353 
GO:0072091~regulation of stem cell 
proliferation 
24 1.759530792 6.29E-06 
DRD2, TAF4B, TP53, LMNA, SIX3, KITLG, SIRT6, ZEB1, GAS1, IRS1, FOXP1, FOXP2, MYCN, NOTCH1, ACE, OVOL2, FOXG1, FBXW4, OVOL1, VEGFA, ATXN1L, 
MYC, DISC1, THPO 
2.904867635 0.046884855 3.94E-04 0.012507425 
GO:0050769~positive regulation of 
neurogenesis 
59 4.325513196 6.51E-06 
OPRM1, ARSB, SYT1, GFAP, CPEB3, SYNJ1, PPARG, ZEB1, FES, BRINP1, MAPT, EEF2K, RARB, MYC, LRRC7, RAB21, DISC1, RET, DAB2IP, PRKCH, SPEN, NUMBL, 
PRKD1, NCOA1, FOXG1, TRIM32, VEGFA, RELN, TGIF2, CUX1, DRD2, CRTC1, KIT, LIN28A, FKBP1B, EPHB2, ACE, TRIM67, BCL2, BCL6, NEDD4L, PLAG1, 
DIXDC1, PTPRD, MAP2K1, MET, HGF, SIRT1, TP73, SEMA6A, EPHA4, NOTCH1, HDAC1, HEYL, RGS6, NEUROD2, KDM4C, MARCKS, TCF12 
1.85083359 0.048474424 4.04E-04 0.012942153 
GO:0072089~stem cell proliferation 29 2.126099707 6.85E-06 
DRD2, KITLG, ZEB1, WNT1, ACE, OVOL2, FAT4, OVOL1, FBXW4, MYC, DISC1, THPO, TAF4B, TP53, SIX3, LMNA, LEF1, SIRT6, GAS1, IRS1, FOXP1, WNT2B, 
MYCN, NUMBL, FOXP2, NOTCH1, FOXG1, VEGFA, ATXN1L 2.568328091 0.050956697 4.22E-04 0.013622476 
GO:0061024~membrane organization 88 6.451612903 7.01E-06 
SYT1, CHMP3, AP1B1, PPP2R5A, GLRA3, SNCA, PPARG, VPS37B, RHOQ, PIP5K1A, PEX3, MBP, KIF13A, ANK2, ANK3, TRIM9, FAM73B, RAB29, VPS4A, DLG3, 
CNTNAP2, SAR1A, MYC, PID1, SH3PXD2B, STX1A, ATG9A, CCDC88A, ROCK1, NRXN2, FLOT2, TP53, SRPRA, ARHGEF9, MYH9, MYADM, VTI1A, VAT1, ELMO1, 
BBS1, MFN2, LETM1, ATG4B, CNTN2, MYRF, UBL4A, RELN, ATPIF1, CLIP3, VAMP2, PACS1, CALCR, CAV3, SNX9, PPIL2, PPFIA1, BET1, CACNB1, CALCOCO2, 
EEA1, ZDHHC23, MOAP1, TSPAN33, FAT4, BCL2, STX17, TOR1A, SEC16A, PVRL2, CHM, LYPLAL1, FCHO2, SEC61A1, PIK3R2, HIP1, GPR158, PTPRD, DNM1L, 
CNST, MYO1C, LMNA, TSPAN14, HACE1, CRB3, TMBIM1, WIPI2, PPP1R9B, LRP4 
1.622007309 0.052113438 4.28E-04 0.013940114 
GO:1902679~negative regulation of RNA 
biosynthetic process 
121 8.870967742 7.13E-06 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, RBFOX2, SATB1, SATB2, DAB2IP, MTA2, YY1, STRN3, ZHX2, SIX3, PKIA, 
PPARGC1B, FOXN3, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, TFCP2L1, NFKBIA, SRC, OVOL2, OVOL1, TFDP2, ASXL2, 
ESRRA, MET, NR4A2, SMAD4, KLF17, WHSC1, SKI, FOXP3, TRIM62, FOXP1, ZBTB42, FOXP2, CDKN1C, NOTCH3, NOTCH2, NOTCH1, DLX1, NR1I2, HDAC1, 
NEDD4, TRPS1, ATF7, JAZF1, NCOR2, KLF4, CREBRF, HNF1A, ARID4A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, WWC3, RTF1, 
MKX, PLCB1, MYC, IRAK2, TBL1XR1, TP53, LEF1, SPEN, PURB, NRIP2, MXD4, ACVR2B, CCND1, MDM4, CUX1, NSD1, CLOCK, KMT2D, FRK, ZMYND11, CALCA, 
XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, SIRT1, TMPRSS6, TRIM21, TP73, PHF19, DKK1, HEYL, IRF1, NEUROD2, 
ZBTB4 
1.491888726 0.052941681 4.32E-04 0.014167785 
 194 
GO:0016569~covalent chromatin 
modification 
55 4.032258065 7.28E-06 
KMT2D, ING3, HNF1A, ARID4A, SNCA, ARID4B, CTCFL, JADE2, PRMT2, ATG5, MYOCD, BRPF3, NAA50, XBP1, PAX7, GATA3, RTF1, ANP32A, PER2, BCL6, 
BAZ2A, KMT5B, KDM5D, ASXL2, SATB1, KDM7A, TBL1XR1, NOS1, TAF5, MTA2, TP53, SMAD4, PADI2, LEF1, WHSC1, SIRT6, FOXP3, SIRT1, ATXN7L3, PRKCB, 
PRKD1, MSL2, NCOA1, RPS6KA4, PHF19, HDAC1, ATXN7, TRPS1, VEGFA, KDM8, KDM4C, IRF4, NSD1, CLOCK, SUPT6H 
1.892982463 0.054057478 4.37E-04 0.014474813 
GO:0001505~regulation of 
neurotransmitter levels 
28 2.052785924 7.66E-06 
SYT1, RAB3B, CPLX2, DRD2, SLC6A3, SYNJ1, SNCA, TH, RIMS4, RIMS3, XBP1, TRIM9, SYN2, TOR1A, PER2, STX1A, NOS1, NOS1AP, NRXN2, MAOA, ATP1A2, 
DGKI, PCLO, CELF6, ADGRL1, VAMP2, HTR2C, NAT8L 
2.606932493 0.056808422 4.57E-04 0.015233324 
GO:0045892~negative regulation of 
transcription, DNA-templated 
118 8.651026393 8.65E-06 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, RBFOX2, SATB1, SATB2, DAB2IP, MTA2, YY1, STRN3, ZHX2, SIX3, PKIA, 
PPARGC1B, FOXN3, UHRF2, HNF4A, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, TFCP2L1, NFKBIA, SRC, OVOL2, OVOL1, TFDP2, ASXL2, ESRRA, 
MET, NR4A2, SMAD4, KLF17, WHSC1, SKI, FOXP3, FOXP1, ZBTB42, FOXP2, CDKN1C, NOTCH3, NOTCH2, NOTCH1, DLX1, NR1I2, HDAC1, NEDD4, TRPS1, 
ATF7, JAZF1, NCOR2, KLF4, CREBRF, HNF1A, ARID4A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, WWC3, RTF1, MKX, PLCB1, MYC, 
IRAK2, TBL1XR1, TP53, LEF1, SPEN, PURB, NRIP2, MXD4, ACVR2B, CCND1, MDM4, CUX1, NSD1, CLOCK, KMT2D, FRK, ZMYND11, CALCA, XBP1, POU2F1, 
PER2, GATAD2B, BCL6, NFATC4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, SIRT1, TMPRSS6, TRIM21, TP73, DKK1, PHF19, HEYL, IRF1, ZBTB4 
1.494221364 0.063887137 5.12E-04 0.01719531 
GO:0051924~regulation of calcium ion 
transport 36 2.639296188 9.27E-06 
CAV3, JPH3, GNAI2, DRD2, CCR1, LHCGR, SNCA, CACNB1, CACNB3, FKBP1A, CXCL11, FKBP1B, CXCL10, CALCA, ACE, BEST1, ATG5, ANK2, BCL2, PDE4B, 
SERPINE1, MS4A2, GNAO1, NOS1, NOS1AP, ATP1A2, PRKCE, PRKD1, CRHR1, PLCG1, PLN, PLA2G6, PDGFRB, AKAP6, STC1, GLP1R 2.253776613 0.068291241 5.44E-04 0.018423463 
GO:0060429~epithelium development 116 8.504398827 9.29E-06 
PGF, JAG1, SIDT2, CALB1, VCL, HS2ST1, S1PR2, WNT1, S1PR3, PLOD1, GATA3, WDR77, GAB1, RARB, FNDC3B, SATB1, RET, ROCK1, SIX3, DLL1, GRHL2, 
CRHR1, VSIG1, TAGLN, MCIDAS, VEGFA, STC1, FZR1, PPP2R3A, HOXA13, TFCP2L1, ONECUT2, DAG1, SOX4, SRC, PPP1R16B, FOXQ1, OVOL2, OVOL1, AXIN2, 
TMEM79, MUC2, MAP2K1, PODXL, MET, NTN4, SMAD4, SKI, GAS1, HGF, FOXP1, FOXP2, NOTCH2, EPHA4, NOTCH1, HDAC1, TRPS1, ZIC5, AREG, NCOR2, 
KLF4, ARID4A, MITF, ARID4B, PPARG, ZEB1, LGR4, HPSE, PAX7, SEMA3E, DLG3, MYC, AGAP2, TP53, LEF1, PRKCH, CDK6, EDAR, MYADM, MYCN, ACVR2B, 
CCND1, CLIC5, WNT9B, SEMA4C, JMJD1C, CUX1, CLOCK, PPP3R1, KITLG, CTNND1, BCCIP, KIT, XBP1, FAT4, BCL2, BCL11B, TOR1A, POU2F1, SLC4A7, NFATC4, 
SCNN1G, MLLT3, CAPN5, PLET1, SLC12A2, CREB1, GRSF1, SNAI1, WNT2B, DKK1, PRLR, HEYL, TMTC3, POFUT1, LRP4 
1.497620647 0.068416639 5.41E-04 0.018458517 
GO:0010720~positive regulation of cell 
development 
68 4.985337243 9.32E-06 
OPRM1, ARSB, SYT1, GFAP, CPEB3, SYNJ1, PPARG, ZEB1, FES, S1PR2, BRINP1, MAPT, EEF2K, RARB, MYC, LRRC7, RAB21, DISC1, DAB2IP, RET, LEF1, PRKCH, 
SPEN, MYADM, NUMBL, PRKD1, NCOA1, FOXG1, VEGFA, TRIM32, AKAP6, TGIF2, RELN, CUX1, GCNT2, DRD2, CRTC1, KIT, LIN28A, FKBP1B, EPHB2, ACE, 
TRIM67, BCL2, BCL6, BCL9L, NEDD4L, AXIN2, PLAG1, DIXDC1, PTPRD, MAP2K1, MET, SMAD4, HGF, SNAI1, SIRT1, TP73, SEMA6A, EPHA4, NOTCH1, HDAC1, 
HEYL, RGS6, NEUROD2, KDM4C, MARCKS, TCF12 
1.741895936 0.068673866 5.39E-04 0.018530437 
GO:0046578~regulation of Ras protein 
signal transduction 
31 2.272727273 9.46E-06 RALGPS2, RALGPS1, CYTH4, SHOC2, KITLG, LPAR2, ITSN1, PLEKHG2, TRIM67, RASGRP4, BCL6, RASA4, FGD6, FGD3, ALS2CL, ARHGEF3, ARHGEF33, DAB2IP, 
ABR, STMN3, MAP2K1, PSD3, ARPP19, ARHGEF9, DGKI, FARP2, MFN2, NOTCH2, GPR55, PDGFRB, DGKZ 
2.433808018 0.069621231 5.42E-04 0.01879549 
GO:0001822~kidney development 43 3.152492669 9.91E-06 
LZTS2, HNF1A, APH1A, PGF, CTNND1, SOX4, JAG1, LIN28A, CALB1, LGR4, HS2ST1, WNT1, AMER1, ACE, FAT4, BCL2, GATA3, OVOL1, RARB, MYC, COL4A4, 
RET, PODXL, SMAD4, LEF1, DLL1, TP73, WNT2B, CDKN1C, NOTCH3, EPHA4, ACVR2B, TNS2, NOTCH1, KCNJ8, HEYL, VEGFA, WNT9B, PDGFRA, PDGFRB, 
GFRA1, CUX1, LRP4 
2.068034905 0.072842516 5.64E-04 0.019698756 
GO:0031327~negative regulation of 
cellular biosynthetic process 
140 10.26392962 9.94E-06 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, SAMD4A, PID1, SATB1, RBFOX2, SATB2, DAB2IP, SOGA1, MTA2, STRN3, 
YY1, ZHX2, SIX3, PKIA, FOXN3, PPARGC1B, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, AKAP6, TGIF2, ATXN1L, TNRC18, STRAP, DRD2, TFCP2L1, NFKBIA, 
SRC, OVOL2, LPCAT1, CNOT6L, OVOL1, TFDP2, NAT10, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, TRIM62, FOXP1, ZBTB42, FOXP2, 
NOTCH3, CDKN1C, NOTCH2, DLX1, NOTCH1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, JAZF1, KLF4, NCOR2, CREBRF, OPRM1, HNF1A, ARID4A, CPEB2, CPEB3, 
MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, RTF1, WWC3, MKX, PLCB1, MYC, IRAK2, TBL1XR1, CYCS, TP53, LEF1, ERLIN1, SPEN, NRIP2, 
PURB, MXD4, INHBB, ACVR2B, CCND1, GRM7, MDM4, CUX1, NSD1, CLOCK, FRK, ZMYND11, KMT2D, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, 
INPP5D, AGO4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, TMPRSS6, SIRT1, TRIM21, TP73, PHF19, DKK1, RPL13A, CDAN1, OBFC1, HEYL, IRF1, NEUROD2, ZBTB4 
1.432986148 0.073077377 5.62E-04 0.019764734 
GO:0032386~regulation of intracellular 
transport 
68 4.985337243 9.99E-06 
CREBRF, NCBP2, DPH6, XPO4, LHCGR, SNCA, TNFSF14, FES, CXCL11, CXCL10, TMEM173, ANK2, ATG5, MDFIC, ANK3, NMUR1, MAPT, RAB29, MS4A2, 
SAR1A, RAB21, DAB2IP, ANP32B, ZDHHC8, EDAR, PRKCE, CDKL2, PKIA, PRKD1, CRHR1, PRKCQ, HNF4A, AKAP6, ATPIF1, VAMP2, SUPT6H, ABLIM3, ATG13, 
PPM1A, PPP3R1, NFKBIA, SOX4, FKBP1A, SNX4, FKBP1B, SRC, CALCA, OAZ2, XBP1, BCL2, LYPLAL1, AXIN2, ELMOD1, PIK3R2, CNST, MYO1C, MAP2K1, 
SMAD4, LRRC46, PTPN14, GAS1, SIRT1, UACA, PLCG1, NEDD4, PLN, KCNN3, SVIP 
1.738829218 0.073387736 5.60E-04 0.019851948 
GO:1902589~single-organism organelle 
organization 
210 15.39589443 1.04E-05 
SYT1, DYNC1LI1, CHMP3, PDLIM7, SNCA, CHMP7, HOOK3, S1PR2, BRPF3, VPS4A, INA, DBNL, ROCK1, RAP1GDS1, MYH9, VTI1A, PPARGC1B, FARP2, LETM1, 
NAV1, SERPINF2, MCIDAS, VEGFA, PDGFRA, PDGFRB, ATPIF1, ADD2, GATC, SUPT6H, HOXA13, DAG1, DAAM1, RIMS3, NAA50, STX17, PVRL2, NAT10, TNKS, 
ASXL2, ABR, MAP2K1, SMAD4, MSTN, CDC23, KCNK3, FAM131B, TRPS1, TMOD2, MARCKS, RANBP10, GFAP, LIMA1, LZTS2, HNF1A, CRNKL1, WASF1, MAPT, 
SEMA3E, ANP32A, TGFA, CAP1, TUBB1, MYC, FMNL3, STX1A, POGZ, TP53, ZCCHC17, MYADM, ELMO1, ZDHHC15, ANKRD23, PLEKHH2, NSD1, CLOCK, 
SRGAP2, PARVA, PPFIA1, ATG13, BET1, HK1, EEA1, KIT, MPV17L2, XBP1, BCL2, PER2, BCL6, AGO4, BAZ2A, CAPN6, NOS1, SWAP70, LMNA, TNP1, MID1, 
RPS6KA4, PHF19, OBFC1, KDM8, MEX3C, SLC6A1, HBS1L, SLC2A8, SLC16A1, ATG5, MYOCD, FAM73B, GATA3, SAR1A, DISC1, PID1, SATB1, ATG9A, STMN3, 
MTA2, TRIM32, VAMP2, STMN1, CLIP3, MAP7D3, MAP6D1, CAV3, SNX9, DRD2, ONECUT2, ULK4, NR2C2, SRC, SLX4, GMIP, AXIN2, TBC1D30, CSF1R, TAF5, 
MET, ARPP19, WHSC1, WIPI2, FOXP3, FOXP1, CORO1C, MSL2, HDAC1, RHOJ, ARID4A, FAM175B, ARID4B, RHOQ, PEX3, PIP5K1A, FES, SPICE1, JADE2, 
PRMT2, RSPO1, PEX2, TRIM9, PAX7, RTF1, PLCB1, KDM5D, KMT5B, TBL1XR1, KDM7A, NRXN2, CHST3, PADI2, LEF1, PRKCE, ARHGAP26, VAT1, PRKCB, BBS1, 
PRKD1, MFN2, PRKCQ, NCOA1, XIRP1, ATG4B, TPPP, CNTN2, MAPRE2, TREM1, ABLIM1, KMT2D, ING3, ABLIM3, CTCFL, CALCOCO2, CALCB, MOAP1, TOR1A, 
SEC16A, SYNPO, PIK3R2, CHD3, DNM1L, MAP1A, SIRT6, SIRT1, CDC25A, ATXN7L3, GMFB, PPP1R9B, MYPN, ATXN7, KDM4C, IRF4, EVI5L 
1.322111407 0.076038531 5.77E-04 0.020598034 
GO:0007264~small GTPase mediated 
signal transduction 
60 4.398826979 1.04E-05 
RHOJ, WASF1, SHOC2, RHOQ, LPAR2, RASGEF1C, RHOV, ITSN1, RAB29, ARHGAP1, RRAS, AGAP2, RAB21, ALS2CL, DBNL, ARHGEF3, DAB2IP, STMN3, ROCK1, 
RAB4A, RAP1GDS1, PSD3, TP53, ARHGEF9, RASL12, FARP2, ELMO1, MFN2, GPR55, PDGFRB, RELN, FKBP11, RALGPS2, RAB3B, USP8, RALGPS1, CYTH4, 
KITLG, PLEKHG2, RAB43, TRIM67, RASGRP4, BCL6, RASA4, FGD6, FGD3, RHOBTB3, ARHGEF33, ABR, MAP2K1, DOCK9, ARPP19, DOCK8, DGKI, RALGDS, 
DOCK3, CDH13, NOTCH2, RAB36, DGKZ 
1.811767755 0.076332281 5.75E-04 0.020680844 
GO:0030900~forebrain development 56 4.105571848 1.05E-05 
NRP2, CRNKL1, NDST1, SLC6A3, BCAN, ZEB1, UQCRQ, HOOK3, WNT1, CNTNAP2, RARB, PLCB1, MYC, DISC1, SATB2, DAB2IP, SIX3, LEF1, SOCS7, NUMBL, 
BBS1, INHBB, CRHR1, NCOA1, FOXG1, CNTN2, RELN, SRGAP2, DRD2, TH, ULK4, SRC, EPHB2, TAL2, FAT4, BCL11B, DCX, CSF1R, DIXDC1, GNAO1, CREB1, 
AK3, AXL, NR4A2, SKI, TP73, WNT2B, FOXP2, NOTCH3, PPP1R9B, DLX1, NOTCH1, DKK1, HDAC1, ZIC5, NCOR2 
1.856993008 0.076686273 5.74E-04 0.020780671 
GO:1903507~negative regulation of 
nucleic acid-templated transcription 119 8.724340176 1.06E-05 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, RBFOX2, SATB1, SATB2, DAB2IP, MTA2, YY1, STRN3, ZHX2, SIX3, PKIA, 
PPARGC1B, FOXN3, UHRF2, HNF4A, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, TFCP2L1, NFKBIA, SRC, OVOL2, OVOL1, TFDP2, ASXL2, ESRRA, 
MET, NR4A2, SMAD4, KLF17, WHSC1, SKI, FOXP3, FOXP1, ZBTB42, FOXP2, CDKN1C, NOTCH3, NOTCH2, NOTCH1, DLX1, NR1I2, HDAC1, NEDD4, TRPS1, 
ATF7, JAZF1, NCOR2, KLF4, CREBRF, HNF1A, ARID4A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, WWC3, RTF1, MKX, PLCB1, MYC, 
IRAK2, TBL1XR1, TP53, LEF1, SPEN, PURB, NRIP2, MXD4, ACVR2B, CCND1, MDM4, CUX1, NSD1, CLOCK, KMT2D, FRK, ZMYND11, CALCA, XBP1, POU2F1, 
PER2, GATAD2B, BCL6, NFATC4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, SIRT1, TMPRSS6, TRIM21, TP73, DKK1, PHF19, HEYL, IRF1, NEUROD2, ZBTB4 
1.484876497 0.07750339 5.76E-04 0.021011246 
GO:0022604~regulation of cell 
morphogenesis 
66 4.838709677 1.12E-05 
RHOJ, SYT1, SRCIN1, RHOQ, FES, MBP, ATG5, MAPT, CAMSAP1, TBC1D13, SEMA3E, EEF2K, RAB21, DISC1, DAB2IP, FMNL3, RET, LEF1, MYH9, MYADM, 
TBC1D22A, NUMBL, SEMA4F, VEGFA, CNTN2, WNT9B, SEMA4C, SEMA4B, RELN, CUX1, PARVA, ALDOA, GCNT2, STRAP, DAG1, KIT, SRC, EPHB2, OVOL2, 
PALM2, BCL9L, NFATC4, NEDD4L, AGO4, AXIN2, TBC1D30, TLX2, TBC1D2, CSF1R, DIXDC1, PTPRD, ZMYM4, MAP2K1, MET, SMAD4, TRIM62, SNAI1, 
CORO1C, SEMA6A, EPHA4, NOTCH1, NEDD4, CDC42SE2, MARCKS, EVI5L, LRP4 
1.749281605 0.081817464 6.05E-04 0.022231986 
GO:0009890~negative regulation of 
biosynthetic process 
142 10.41055718 1.13E-05 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, SAMD4A, PID1, SATB1, RBFOX2, SATB2, DAB2IP, SOGA1, MTA2, STRN3, 
YY1, ZHX2, SIX3, PKIA, FOXN3, PPARGC1B, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, AKAP6, TGIF2, ATXN1L, TNRC18, STRAP, DRD2, TFCP2L1, NFKBIA, 
SRC, OVOL2, LPCAT1, CNOT6L, OVOL1, TFDP2, NAT10, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, TRIM62, FOXP1, ZBTB42, FOXP2, 
NOTCH3, CDKN1C, NOTCH2, DLX1, NOTCH1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, JAZF1, KLF4, NCOR2, CREBRF, OPRM1, HNF1A, ARID4A, CPEB2, CPEB3, 
1.42434808 0.08287702 6.09E-04 0.022532681 
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MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, RTF1, WWC3, MKX, PLCB1, MYC, IRAK2, TBL1XR1, CYCS, TP53, LEF1, ERLIN1, IL6R, SPEN, NRIP2, 
PURB, MXD4, INHBB, ACVR2B, CCND1, GRM7, MDM4, CUX1, NSD1, CLOCK, FRK, ZMYND11, KMT2D, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, 
INPP5D, AGO4, BAZ2A, CREB1, TNP1, MARCH8, SIRT6, SNAI1, TMPRSS6, SIRT1, TRIM21, TP73, PHF19, DKK1, RPL13A, CDAN1, OBFC1, HEYL, IRF1, NEUROD2, 
ZBTB4 
GO:0001655~urogenital system 
development 
49 3.592375367 1.20E-05 
LZTS2, HNF1A, APH1A, HOXA13, PGF, SOX4, CTNND1, JAG1, LIN28A, CALB1, LGR4, EPHB2, HS2ST1, WNT1, AMER1, ACE, MYOCD, FAT4, BCL2, GATA3, 
OVOL1, WDR77, RARB, MYC, COL4A4, PLAG1, RET, PODXL, SMAD4, LEF1, DLL1, TP73, WNT2B, NOTCH3, CDKN1C, EPHA4, ACVR2B, NOTCH1, TNS2, PRLR, 
KCNJ8, VEGFA, HEYL, WNT9B, PDGFRA, PDGFRB, GFRA1, CUX1, LRP4 
1.94451522 0.087788803 6.42E-04 0.023931151 
GO:0061564~axon development 57 4.17888563 1.22E-05 
NRP2, VCL, MBP, SPRY3, GP5, UNC5A, XYLT1, ANK3, MAPT, GATA3, SEMA3E, LRRC55, LGI1, RAB21, DISC1, PTPRM, EFNB3, EFNB1, CHST3, COL25A1, 
NUMBL, SLITRK4, SEMA4F, FOXG1, VEGFA, TRIM32, CNTN2, SEMA4C, SEMA4B, RELN, STMN1, ABLIM1, DRD2, DAG1, FKBP1B, CALU, EPHB2, ALCAM, 
NPTX1, PVRL1, RNF165, BCL2, BCL11B, DCX, CSF1R, DIXDC1, MAP2K1, CREB1, SMAD4, NR4A2, GAS1, RAPH1, FOXP1, SEMA6A, EPHA4, NOTCH1, LRP4 
1.835670235 0.088622829 6.44E-04 0.024169358 
GO:0019219~regulation of nucleobase-
containing compound metabolic process 292 21.40762463 1.25E-05 
LHCGR, RORA, WTAP, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, CRHR1, MED19, 
UHRF2, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MC2R, MNT, PDGFRA, PDGFRB, TGIF2, ATPIF1, ATXN1L, SUPT6H, TNRC18, HOXA13, PFKFB3, 
CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, CDA, TNKS, NAT10, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, HGF, 
UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, ZFHX4, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, AREG, TCF12, FOXI1, KLF4, NCOR2, 
BMP8B, OPRM1, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, GUCY1A3, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, 
MXD4, MYCN, FOXR2, CCND1, GRM7, NSD1, CLOCK, ZMYND11, UNG, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, ZSCAN29, BAZ2A, 
TLX2, MLLT3, NOS1, LMNA, TNP1, AFF2, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, OBFC1, 
ZBTB4, KDM8, NEUROD2, TP53INP2, LRP4, HTR2A, TP53INP1, NCBP2, RNASEL, CBX3, JAG1, MAF1, CXCL11, CXCL10, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, 
MDFIC, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, IGSF1, CELF6, TRIM32, CELF3, 
AKAP6, NFE2L1, RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, SLX4, FOXQ1, ECE1, OVOL2, RNF165, OVOL1, TFDP2, 
RNF169, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, RNPS1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, 
E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PCBP4, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, 
KMT5B, IRAK2, TBL1XR1, KDM7A, CCDC88A, FOXJ2, PADI2, PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, 
JMJD1C, CUX1, CALCR, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, CTCFL, KITLG, CALCA, RGMB, POU2F1, CHD1, NFATC4, TNRC6B, 
CHD3, PIK3R2, DNM1L, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, CDAN1, ATXN7, HEYL, IRF1, KDM4C, IRF4, IGFBP3, RNF41 
1.249221428 0.091288668 6.60E-04 0.024932213 
GO:0040012~regulation of locomotion 88 6.451612903 1.26E-05 
ARSB, SRCIN1, SNCA, TNFSF14, FES, CXCL11, AMOTL1, CXCL10, VCL, GATA3, SERPINE1, SEMA3E, GAB1, RRAS, PLCB1, MYC, MTUS1, RECK, DAB2IP, RET, 
PTPRM, MTA2, TP53, PTPRR, PADI2, LEF1, DAPK2, PRKCE, MYADM, IRS1, BBS1, PRKD1, SEMA4F, VEGFA, TRIM32, PDGFRA, SEMA4C, PDGFRB, SEMA4B, 
STC1, RELN, SRGAP2, GCNT2, PPP2R3A, DRD2, STRAP, CCR1, ONECUT2, DAG1, KITLG, ULK4, KIT, TRIM10, SRC, ACE, BCL2, MARVELD3, PVRL2, ARHGDIB, 
CSF1R, MUC2, PLET1, ABR, MYO1C, MAP2K1, SWAP70, PODXL, MET, IL1RN, LMNA, HACE1, HGF, FUCA2, TRIM62, SNAI1, FOXP1, TRIM21, CORO1C, CDH13, 
SEMA6A, NOTCH1, PLCG1, CXCL16, IGFBP3, HTR2C, KLF4, RNF41, TP53INP1 
1.597677199 0.091701466 6.59E-04 0.025050539 
GO:0070838~divalent metal ion transport 53 3.885630499 1.28E-05 
CALHM1, OPRM1, JPH3, TUSC3, LHCGR, SNCA, CXCL11, CXCL10, ATG5, ANK2, NMUR1, PDE4B, SERPINE1, MS4A2, NOS1AP, CACNG4, CACNG2, PRKCE, 
PRKCB, PRKD1, CRHR1, BSPRY, MAGT1, GRM7, PDGFRB, PLA2G6, AKAP6, STC1, GLP1R, CAV3, DRD2, CCR1, CACNB1, CACNB3, FKBP1A, FKBP1B, TPCN2, 
ORAI3, CALCA, ACE, BCL2, SLC39A9, SLC30A3, SLC30A6, GNAO1, NOS1, ATP1A2, CACNA2D2, PLCG1, PLN, CACNA1E, HTR2C, HTR2A 
1.882126951 0.093285587 6.66E-04 0.025505114 
GO:0007611~learning or memory 39 2.859237537 1.30E-05 
JPH3, SLC6A1, CPEB3, DRD2, CRTC1, SYNJ1, TH, CTNND2, KIT, CALB1, EPHB2, NETO1, AP1S2, CHST10, MAPT, CNTNAP2, PLCB1, FOSL1, B4GALT2, NRXN2, 
CREB1, IL1RN, RCAN1, AFF2, ATP1A2, DGKI, FOXP2, GMFB, CRHR1, PPP1R9B, GRM7, CNTN2, TMOD2, NEUROD2, PLA2G6, CACNA1E, RELN, GLP1R, HTR2A 2.137544108 0.094421673 6.70E-04 0.02583161 
GO:0071345~cellular response to cytokine 
stimulus 
67 4.91202346 1.34E-05 
CREBRF, CRNKL1, IL21R, PPARG, CXCR1, RORA, CXCL11, CXCL10, NLRC5, TMEM173, PTGIS, CDIP1, GATA3, SERPINE1, GAB1, PLCB1, MYC, IRAK2, PID1, 
DAB2IP, GBP5, HYAL3, YY1, ADIPOR2, FGF23, LEF1, PADI2, SOCS4, IL6R, ACKR4, NUMBL, INHBB, RELT, UBE2K, TRIM32, PDGFRA, AKAP6, CPD, CLDN18, 
RTN4RL1, CCR1, NFKBIA, FKBP1A, KIT, GREM2, CALCA, IRAK4, CCL22, ACSL1, XBP1, IL10RB, SELPLG, CSF1R, THPO, KLF6, MUC2, IL2RB, MET, IL1RN, SMAD4, 
AXL, SIRT1, RPS6KA4, PRLR, HDAC1, RPL13A, IRF1 
1.731549213 0.097500515 6.88E-04 0.026718488 
GO:0051962~positive regulation of 
nervous system development 
64 4.692082111 1.35E-05 
OPRM1, ARSB, SYT1, GFAP, CPEB3, SYNJ1, PPARG, ZEB1, FES, BRINP1, MAPT, EEF2K, RARB, MYC, LRRC7, RAB21, DISC1, DAB2IP, RET, PRKCH, SPEN, NUMBL, 
PRKD1, NCOA1, SLITRK4, FOXG1, TRIM32, VEGFA, MYRF, RELN, TGIF2, CUX1, DRD2, CRTC1, KIT, LIN28A, FKBP1B, EPHB2, ACE, TRIM67, BCL2, LRRTM2, 
BCL6, NEDD4L, PLAG1, DIXDC1, PTPRD, MAP2K1, MET, ASIC2, HGF, SIRT1, TP73, SEMA6A, EPHA4, NOTCH1, HDAC1, HEYL, RGS6, NEUROD2, KDM4C, 
MARCKS, ADGRL1, TCF12 
1.757197813 0.097729374 6.85E-04 0.026784532 
GO:0072511~divalent inorganic cation 
transport 
53 3.885630499 1.47E-05 
CALHM1, OPRM1, JPH3, TUSC3, LHCGR, SNCA, CXCL11, CXCL10, ATG5, ANK2, NMUR1, PDE4B, SERPINE1, MS4A2, NOS1AP, CACNG4, CACNG2, PRKCE, 
PRKCB, PRKD1, CRHR1, BSPRY, MAGT1, GRM7, PDGFRB, PLA2G6, AKAP6, STC1, GLP1R, CAV3, DRD2, CCR1, CACNB1, CACNB3, FKBP1A, FKBP1B, TPCN2, 
ORAI3, CALCA, ACE, BCL2, SLC39A9, SLC30A3, SLC30A6, GNAO1, NOS1, ATP1A2, CACNA2D2, PLCG1, PLN, CACNA1E, HTR2C, HTR2A 
1.872968183 0.106064918 7.42E-04 0.029201474 
GO:0051247~positive regulation of protein 
metabolic process 
141 10.3372434 1.50E-05 
SRCIN1, PPP2R5A, SNCA, LPAR2, S1PR2, WNT1, MDFIC, GATA3, GAB1, DISC1, SAMD4A, RET, DAB2IP, FGF23, SOCS4, MYH9, PPARGC1B, GPR55, HNF4A, 
RELT, SERPINF2, TRIM32, VEGFA, PDGFRA, PDGFRB, AKAP6, ATPIF1, RELN, CLIP3, NEK5, SNX9, FZR1, GCNT2, PPP2R3A, GNAI2, DRD2, SOX4, NFKBIA, 
LIN28A, SRC, OAZ2, PPP1R16B, AMER1, ACE, TRIM67, LPCAT1, AXIN2, CSF1R, HIP1, ASXL2, DIXDC1, BMP3, UNC119, MAP2K1, IL1RN, MET, SMAD4, MSTN, 
HGF, OXSR1, FOXP3, HSPBP1, EPHA4, UACA, HDAC1, AKTIP, NEDD4, DNAJB2, MARCKS, KLF4, BMP8B, NCOR2, CREBRF, OPRM1, CPEB3, PPARG, CBFA2T3, 
RSPO1, PAX7, RTF1, LTF, TGFA, PLCB1, AGAP2, MYC, IRAK2, CCDC88A, ANP32B, NOS1AP, CYCS, TP53, IL6R, PRKCE, PRKD1, INHBB, PRKCQ, ACVR2B, CCND1, 
KSR2, MAP3K15, PSME1, ATG4B, UBE2K, CNTN2, SEMA4C, PLA2G6, PSME3, KSR1, CCR1, ATG13, CTNND1, KITLG, FKBP1A, KIT, CALCA, CCL22, ACSL1, 
MPV17L2, XBP1, BCL2, BCL6, NEDD4L, EHD4, THPO, NOS1, MID1, SIRT1, BRAT1, TP73, SGTA, RPS6KA4, PHF19, PRLR, IRF1, SMPD1, SVIP, IRF4, IGFBP3, 
HTR2C, LRP4, HTR2A 
1.420202276 0.108254491 7.53E-04 0.029840083 
GO:0048667~cell morphogenesis involved 
in neuron differentiation 63 4.618768328 1.52E-05 
NRP2, SRCIN1, VCL, MBP, GP5, ANK3, UNC5A, MAPT, GATA3, SEMA3E, EEF2K, LRRC55, LGI1, RAB21, DISC1, RBFOX2, PTPRM, EFNB3, EFNB1, COL25A1, 
NUMBL, BBS1, SLITRK4, SEMA4F, CLIC5, FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, STMN1, CUX1, ABLIM1, DRD2, DAG1, CTNND2, EPHB2, ALCAM, 
NPTX1, PVRL1, RNF165, BCL2, BCL11B, NFATC4, DCX, TLX2, CSF1R, DIXDC1, PTPRD, MAP2K1, CREB1, MET, SMAD4, NR4A2, GAS1, RAPH1, FOXP1, SEMA6A, 
EPHA4, NOTCH1, MARCKS, LRP4 
1.759679432 0.109506513 7.58E-04 0.030205949 
GO:0051253~negative regulation of RNA 
metabolic process 123 9.017595308 1.62E-05 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, RBFOX2, SATB1, SATB2, DAB2IP, MTA2, YY1, STRN3, ZHX2, SIX3, PKIA, 
PPARGC1B, FOXN3, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, TFCP2L1, NFKBIA, SRC, OVOL2, OVOL1, TFDP2, ASXL2, 
ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, RNPS1, WHSC1, FOXP3, TRIM62, FOXP1, ZBTB42, FOXP2, CDKN1C, NOTCH3, NOTCH2, NOTCH1, DLX1, NR1I2, 
HDAC1, NEDD4, TRPS1, ATF7, JAZF1, NCOR2, KLF4, CREBRF, HNF1A, ARID4A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, PCBP4, 
WWC3, RTF1, MKX, PLCB1, MYC, IRAK2, TBL1XR1, TP53, LEF1, SPEN, PURB, NRIP2, MXD4, ACVR2B, CCND1, MDM4, CUX1, NSD1, CLOCK, KMT2D, FRK, 
ZMYND11, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, SIRT1, TMPRSS6, TRIM21, TP73, PHF19, DKK1, HEYL, 
IRF1, NEUROD2, ZBTB4 
1.460747012 0.116263001 8.02E-04 0.032189231 
GO:0045934~negative regulation of 
nucleobase-containing compound 
metabolic process 
134 9.824046921 1.64E-05 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, PID1, SATB1, RBFOX2, SATB2, DAB2IP, MTA2, STRN3, YY1, ZHX2, SIX3, 
PKIA, FOXN3, PPARGC1B, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, AKAP6, TGIF2, ATXN1L, TNRC18, STRAP, DRD2, TFCP2L1, NFKBIA, SRC, OVOL2, 
OVOL1, TFDP2, CDA, RNF169, NAT10, TNKS, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, RNPS1, WHSC1, FOXP3, TRIM62, FOXP1, ZBTB42, FOXP2, 
NOTCH3, CDKN1C, NOTCH2, NOTCH1, DLX1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, JAZF1, KLF4, NCOR2, CREBRF, OPRM1, HNF1A, ARID4A, CPEB3, MITF, 
PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, PCBP4, RTF1, WWC3, MKX, PLCB1, MYC, IRAK2, TBL1XR1, TP53, LEF1, SPEN, NRIP2, PURB, MXD4, 
ACVR2B, CCND1, GRM7, MDM4, CUX1, NSD1, CLOCK, FRK, ZMYND11, KMT2D, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, BAZ2A, CREB1, 
1.433182117 0.117685587 8.07E-04 0.03260874 
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TNP1, SIRT6, SNAI1, TMPRSS6, SIRT1, TRIM21, TP73, PHF19, DKK1, CDAN1, OBFC1, HEYL, IRF1, NEUROD2, ZBTB4 
GO:0016568~chromatin modification 64 4.692082111 1.70E-05 
HNF1A, ARID4A, SNCA, ARID4B, JADE2, PRMT2, BRPF3, MYOCD, ATG5, GATA3, PAX7, RTF1, ANP32A, ACTR8, MYC, KDM5D, KMT5B, TBL1XR1, KDM7A, 
SATB1, SATB2, MTA2, TP53, LEF1, PADI2, PRKCB, PRKD1, NCOA1, UHRF2, VEGFA, JMJD1C, NSD1, CLOCK, SUPT6H, KMT2D, ING3, TNRC18, CTCFL, NAA50, 
XBP1, PER2, GATAD2B, CHD1, BCL6, BAZ2A, ASXL2, NOS1, TAF5, SMAD4, TNP1, WHSC1, SIRT6, FOXP3, SIRT1, ATXN7L3, MSL2, RPS6KA4, PHF19, HDAC1, 
TRPS1, ATXN7, KDM8, KDM4C, IRF4 
1.744010587 0.121885794 8.33E-04 0.033851295 
GO:0032844~regulation of homeostatic 
process 58 4.252199413 1.71E-05 
JPH3, ADCY5, LHCGR, SNCA, RORA, SIDT2, CXCL11, CXCL10, ATG5, ANK2, ANK3, MS4A2, MYC, RBFOX2, SCN2B, CFTR, CDK6, DLL1, PRKCE, PPARGC1B, 
PRKD1, PRKCQ, MAP4K4, HNF4A, UBE2K, VEGFA, AKAP6, PLA2G6, GLP1R, CALCR, CAV3, CLDN18, DRD2, KITLG, FKBP1A, MYT1, FKBP1B, SRC, TPCN2, CALCA, 
SLX4, BCL2, NAT10, TNKS, SLC30A3, INPP5D, NEDD4L, SLC30A6, CSF1R, SIRT1, PLCG1, RPL13A, OBFC1, PLN, CACNA1E, HTR2C, BMP8B, HTR2A 
1.803879259 0.12226405 8.30E-04 0.033963486 
GO:0060627~regulation of vesicle-
mediated transport 
54 3.958944282 1.72E-05 
SYT1, CHMP3, SYNJ1, PPARG, SNCA, SYT9, VPS37B, FES, CD47, RSPO1, ATG5, TRIM9, SERPINE1, EEF2K, VPS4A, MS4A2, LGI3, PLCB1, SAR1A, RAB21, STX1A, 
RAB4A, DLL1, CFTR, PCLO, CRHR1, VEGFA, PLA2G6, CLIP3, VAMP2, EPN2, CAV3, RAB3B, RAP1GAP, DRD2, SNX4, SRC, RIMS4, RIMS3, LRRTM2, TOR1A, 
LYPLAL1, NEDD4L, HIP1, EHD4, UNC119, ABR, CNST, MAP2K1, AXL, GAS1, CDH13, NOTCH1, DKK1 
1.849797786 0.122774458 8.29E-04 0.03411495 
GO:0010558~negative regulation of 
macromolecule biosynthetic process 
134 9.824046921 1.77E-05 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, SAMD4A, PID1, SATB1, RBFOX2, SATB2, DAB2IP, MTA2, STRN3, YY1, 
ZHX2, SIX3, PKIA, FOXN3, PPARGC1B, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, TFCP2L1, NFKBIA, SRC, OVOL2, 
CNOT6L, OVOL1, TFDP2, NAT10, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, TRIM62, FOXP1, ZBTB42, FOXP2, NOTCH3, CDKN1C, 
NOTCH2, NOTCH1, DLX1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, JAZF1, KLF4, NCOR2, CREBRF, HNF1A, ARID4A, CPEB2, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, 
PDCD4, LGR4, PRMT2, PEX2, WWC3, RTF1, MKX, PLCB1, MYC, IRAK2, TBL1XR1, TP53, LEF1, IL6R, SPEN, NRIP2, PURB, MXD4, INHBB, ACVR2B, CCND1, 
MDM4, CUX1, NSD1, CLOCK, FRK, ZMYND11, KMT2D, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, INPP5D, AGO4, BAZ2A, CREB1, TNP1, SIRT6, 
MARCH8, SNAI1, TMPRSS6, SIRT1, TRIM21, TP73, PHF19, DKK1, RPL13A, CDAN1, OBFC1, HEYL, IRF1, NEUROD2, ZBTB4 
1.430023009 0.126236723 8.48E-04 0.035144705 
GO:0051246~regulation of protein 
metabolic process 
224 16.42228739 1.84E-05 
DYNC1LI1, PPP2R5A, SNCA, LPAR2, S1PR2, CRY2, GAB1, SERPINE1, RECK, DAB2IP, ROCK1, PTPRR, MYH9, PPARGC1B, OGFOD1, HNF4A, SERPINF2, VEGFA, 
PDGFRA, PDGFRB, ATPIF1, WFDC5, NEK5, GATC, SUPT6H, RAD23B, GCNT2, PPP2R3A, GNAI2, DAG1, NFKBIA, BDKRB2, ACE, LPCAT1, HIP1, ASXL2, BMP3, 
UNC119, MAP2K1, IL1RN, SMAD4, MSTN, CDC23, HGF, OXSR1, GAS1, EPHA4, CSRNP3, TRPS1, MARCKS, KLF4, NCOR2, BMP8B, OPRM1, CREBRF, CPEB2, 
CPEB3, PPARG, ZYG11B, CCNE2, ANP32A, EEF2K, TGFA, AGAP2, MYC, ANP32B, FLOT2, TP53, IL6R, MYADM, INHBB, CCND1, MAP3K15, KSR2, SERPINB8, 
SEMA4C, SERPINB2, WNT9B, PLA2G6, KSR1, NSD1, ZER1, ZMYND11, CCR1, ATG13, BCCIP, FKBP1A, KIT, FKBP1B, SF3B3, CCL22, ACSL1, MPV17L2, XBP1, 
BCL2, PER2, MLLT1, BCL6, AGO4, NOS1, CNST, SWAP70, PPP1R11, MID1, BRAT1, SGTA, TRIM21, TP73, DUSP4, RPS6KA4, PHF19, DKK1, SVIP, HTR2C, LRP4, 
HTR2A, NCBP2, SRCIN1, PSTK, CTDSPL, TNFSF14, WNT1, ATG5, MYOCD, MDFIC, GATA3, RRAS, CTDSP2, SPRED1, RNF34, DISC1, SAMD4A, PID1, RET, FGF23, 
SOCS4, PKIA, MAP4K4, GPR55, RELT, TRIM32, AKAP6, RELN, CLIP3, CAV3, SNX9, FZR1, STRAP, DRD2, SOX4, ULK4, LIN28A, SRC, OAZ2, PPP1R16B, AMER1, 
TRIM67, ECE1, CNOT6L, LMTK3, AXIN2, CSF1R, DIXDC1, MET, ARPP19, FOXP3, CORO1C, CDKN1C, HSPBP1, UACA, HDAC1, AKTIP, NEDD4, DNAJB2, CBFA2T3, 
PDCD4, RSPO1, KLHL25, PAX7, RTF1, LTF, DLG3, PLCB1, IRAK2, ANKS1A, CCDC88A, NOS1AP, CYCS, RIMBP2, LEF1, PRKCE, PURB, PRKD1, PRKCQ, ACVR2B, 
PSME1, ATG4B, UBE2K, CNTN2, PSME3, MDM4, RTN4RL1, CTCFL, KITLG, CTNND1, CALCA, MARVELD3, INPP5D, NEDD4L, INPP5B, EHD4, THPO, FETUB, 
RCAN1, SIRT1, PPP1R9B, PRLR, RPL13A, SMPD1, IRF1, KDM4C, IRF4, IGFBP3, RNF41 
1.296195917 0.130806493 8.76E-04 0.036510105 
GO:0051172~negative regulation of 
nitrogen compound metabolic process 142 10.41055718 1.84E-05 
SNCA, CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, TWIST2, SAMD4A, PID1, SATB1, RBFOX2, SATB2, DAB2IP, MTA2, STRN3, 
YY1, ZHX2, SIX3, PKIA, FOXN3, PPARGC1B, UHRF2, HNF4A, TRIM32, FOXG1, VEGFA, MNT, AKAP6, TGIF2, ATXN1L, TNRC18, STRAP, DRD2, TFCP2L1, NFKBIA, 
SRC, OVOL2, LPCAT1, CNOT6L, OVOL1, TFDP2, CDA, RNF169, NAT10, TNKS, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, RNPS1, WHSC1, FOXP3, 
TRIM62, FOXP1, ZBTB42, FOXP2, NOTCH3, CDKN1C, NOTCH2, DLX1, NOTCH1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, JAZF1, KLF4, NCOR2, CREBRF, OPRM1, 
HNF1A, CPEB2, ARID4A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, PCBP4, RTF1, WWC3, MKX, PLCB1, MYC, IRAK2, TBL1XR1, TP53, 
LEF1, SPEN, NRIP2, PURB, MXD4, ACVR2B, CCND1, GRM7, MDM4, CUX1, NSD1, CLOCK, FRK, ZMYND11, KMT2D, CALCA, XBP1, POU2F1, PER2, GATAD2B, 
BCL6, NFATC4, AGO4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, TMPRSS6, SIRT1, TRIM21, TP73, PHF19, DKK1, RPL13A, CDAN1, OBFC1, HEYL, IRF1, NEUROD2, 
ZBTB4, HTR2C 
1.410708632 0.130917665 8.71E-04 0.036543411 
GO:0042325~regulation of 
phosphorylation 
136 9.970674487 2.05E-05 
SRCIN1, CTDSPL, PPP2R5A, SNCA, LPAR2, ITSN1, S1PR2, NLRC5, WNT1, MYOCD, MDFIC, GAB1, RRAS, CTDSP2, SPRED1, PID1, DAB2IP, RET, PTPRR, FGF23, 
SOCS4, PKIA, IRS1, PPARGC1B, MAP4K4, GPR55, HNF4A, RELT, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, CAV3, SNX9, GCNT2, GNAI2, 
STRAP, PFKFB3, DRD2, DAG1, BDKRB2, ULK4, SRC, ACE, ECE1, AXIN2, CSF1R, DIXDC1, UNC119, BMP3, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, 
CORO1C, CDKN1C, EPHA4, HDAC1, AKTIP, MARCKS, AREG, KLF4, BMP8B, OPRM1, CBFA2T3, PDCD4, CCNE2, RSPO1, EEF2K, LTF, TGFA, PLCB1, AGAP2, MYC, 
IRAK2, CCDC88A, TP53, IL6R, PRKCE, MYADM, PRKD1, INHBB, ACVR2B, CCND1, KSR2, MAP3K15, UBE2K, WNT9B, SEMA4C, PLA2G6, KSR1, NSD1, ZMYND11, 
RTN4RL1, CCR1, ATG13, KITLG, CTNND1, BCCIP, FKBP1A, KIT, CALCA, CCL22, ACSL1, XBP1, BCL2, MARVELD3, MLLT1, EHD4, THPO, PIK3R2, NOS1, SIRT6, 
MID1, SIRT1, BRAT1, TP73, PPP1R9B, DUSP4, RPS6KA4, DKK1, PRLR, ATXN7, IRF1, SMPD1, IGFBP3, HTR2C, LRP4, RNF41, HTR2A 
1.420064696 0.144663784 9.64E-04 0.040694727 
GO:0010629~negative regulation of gene 
expression 
144 10.55718475 2.15E-05 
NCBP2, XPO5, CBX3, MAF1, NLRC5, PTGIS, CRY2, OLIG3, MYOCD, MDFIC, GATA3, SERPINE1, RARB, TWIST2, SAMD4A, SATB1, RBFOX2, SATB2, DAB2IP, 
MTA2, STRN3, YY1, SIX3, ZHX2, PKIA, FOXN3, PPARGC1B, UHRF2, UCN2, HNF4A, SERPINF2, TRIM32, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, 
TFCP2L1, NFKBIA, LIN28A, MYT1, SRC, ACE, OVOL2, ITGB8, CNOT6L, OVOL1, TFDP2, ASXL2, PLAG1, ESRRA, MAP2K1, MET, NR4A2, SMAD4, KLF17, SKI, 
RNPS1, WHSC1, GAS1, FOXP3, TRIM62, FOXP1, SFMBT2, ZBTB42, FOXP2, NOTCH3, CDKN1C, NOTCH2, DLX1, NOTCH1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, 
JAZF1, KLF4, NCOR2, CREBRF, HNF1A, CPEB2, ARID4A, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, PCBP4, RTF1, WWC3, MKX, 
PLCB1, MYC, IRAK2, TBL1XR1, FLOT2, TP53, LEF1, SPEN, MYADM, NRIP2, PURB, MXD4, ACVR2B, CCND1, MDM4, CUX1, NSD1, CLOCK, FRK, ZMYND11, 
KMT2D, CCR1, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, AGO4, TNRC6B, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, TMPRSS6, SIRT1, TRIM21, TP73, 
PHF19, DKK1, RPL13A, HEYL, IRF1, ZBTB4 
1.402752982 0.151629939 0.001008316 0.042823975 
GO:0072001~renal system development 44 3.225806452 2.18E-05 
LZTS2, HNF1A, APH1A, PGF, CTNND1, SOX4, JAG1, LIN28A, CALB1, LGR4, HS2ST1, WNT1, ACE, AMER1, MYOCD, FAT4, BCL2, GATA3, OVOL1, RARB, MYC, 
COL4A4, RET, PODXL, SMAD4, LEF1, DLL1, TP73, WNT2B, CDKN1C, NOTCH3, EPHA4, ACVR2B, TNS2, NOTCH1, KCNJ8, HEYL, VEGFA, WNT9B, PDGFRA, 
PDGFRB, GFRA1, CUX1, LRP4 
1.984692173 0.153400377 0.001014896 0.0433679 
GO:0030334~regulation of cell migration 78 5.718475073 2.22E-05 
ARSB, SRCIN1, TNFSF14, AMOTL1, CXCL11, CXCL10, VCL, GATA3, SERPINE1, SEMA3E, GAB1, RRAS, PLCB1, MYC, MTUS1, RECK, DAB2IP, RET, PTPRM, MTA2, 
TP53, PTPRR, LEF1, PADI2, DAPK2, PRKCE, MYADM, IRS1, PRKD1, SEMA4F, VEGFA, TRIM32, PDGFRA, SEMA4C, PDGFRB, SEMA4B, STC1, RELN, SRGAP2, 
GCNT2, DRD2, STRAP, CCR1, ONECUT2, DAG1, KITLG, ULK4, KIT, SRC, ACE, BCL2, MARVELD3, ARHGDIB, CSF1R, MUC2, PLET1, ABR, MYO1C, MAP2K1, 
SWAP70, PODXL, MET, IL1RN, LMNA, HACE1, HGF, SNAI1, FOXP1, CORO1C, CDH13, SEMA6A, NOTCH1, PLCG1, CXCL16, IGFBP3, KLF4, RNF41, TP53INP1 
1.627727554 0.155916954 0.001026772 0.044143013 
GO:0006816~calcium ion transport 48 3.519061584 2.22E-05 
CALHM1, OPRM1, CAV3, JPH3, DRD2, CCR1, LHCGR, SNCA, CACNB1, CACNB3, FKBP1A, CXCL11, FKBP1B, TPCN2, CXCL10, ORAI3, CALCA, ACE, ANK2, ATG5, 
NMUR1, BCL2, PDE4B, SERPINE1, MS4A2, GNAO1, NOS1, NOS1AP, CACNG4, CACNG2, ATP1A2, PRKCE, CACNA2D2, PRKCB, PRKD1, CRHR1, BSPRY, PLCG1, 
PLN, GRM7, PLA2G6, PDGFRB, AKAP6, CACNA1E, STC1, HTR2C, GLP1R, HTR2A 
1.915297341 0.15603014 0.001021397 0.044177929 
GO:2000145~regulation of cell motility 81 5.938416422 2.26E-05 
ARSB, SRCIN1, TNFSF14, FES, CXCL11, AMOTL1, CXCL10, VCL, GATA3, SERPINE1, SEMA3E, GAB1, RRAS, PLCB1, MYC, MTUS1, RECK, DAB2IP, RET, PTPRM, 
MTA2, TP53, PTPRR, LEF1, PADI2, DAPK2, PRKCE, MYADM, IRS1, BBS1, PRKD1, SEMA4F, VEGFA, TRIM32, PDGFRA, SEMA4C, PDGFRB, SEMA4B, STC1, RELN, 
SRGAP2, GCNT2, PPP2R3A, DRD2, STRAP, CCR1, ONECUT2, DAG1, KITLG, ULK4, KIT, SRC, ACE, BCL2, MARVELD3, ARHGDIB, CSF1R, MUC2, PLET1, ABR, 
MYO1C, MAP2K1, SWAP70, PODXL, MET, IL1RN, LMNA, HACE1, HGF, SNAI1, FOXP1, CORO1C, CDH13, SEMA6A, NOTCH1, PLCG1, CXCL16, IGFBP3, KLF4, 
RNF41, TP53INP1 
1.609399989 0.158409422 0.001032171 0.044912976 
GO:0007265~Ras protein signal 
transduction 
40 2.93255132 2.76E-05 
RHOJ, RALGPS2, USP8, RALGPS1, WASF1, CYTH4, SHOC2, KITLG, LPAR2, ITSN1, PLEKHG2, TRIM67, RASGRP4, BCL6, RASA4, FGD6, FGD3, ALS2CL, DBNL, 
ARHGEF3, DAB2IP, ARHGEF33, ABR, STMN3, ROCK1, MAP2K1, RAB4A, ARPP19, PSD3, TP53, ARHGEF9, DGKI, FARP2, ELMO1, MFN2, NOTCH2, CDH13, 
GPR55, PDGFRB, DGKZ 
2.045681433 0.189734867 0.00125156 0.054788668 
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GO:0031401~positive regulation of protein 
modification process 
109 7.991202346 2.84E-05 
SRCIN1, PPP2R5A, SNCA, LPAR2, S1PR2, WNT1, MDFIC, GATA3, GAB1, DISC1, DAB2IP, RET, FGF23, PPARGC1B, HNF4A, RELT, GPR55, SERPINF2, VEGFA, 
PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, SNX9, FZR1, GCNT2, GNAI2, DRD2, SOX4, SRC, PPP1R16B, AMER1, ACE, TRIM67, AXIN2, CSF1R, ASXL2, UNC119, 
BMP3, DIXDC1, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, FOXP3, HSPBP1, EPHA4, HDAC1, AKTIP, DNAJB2, MARCKS, BMP8B, NCOR2, OPRM1, 
RSPO1, PAX7, RTF1, LTF, TGFA, PLCB1, AGAP2, IRAK2, CCDC88A, NOS1AP, TP53, IL6R, PRKCE, PRKD1, INHBB, ACVR2B, CCND1, MAP3K15, KSR2, UBE2K, 
SEMA4C, PLA2G6, KSR1, CCR1, ATG13, KITLG, CTNND1, FKBP1A, KIT, CALCA, CCL22, ACSL1, XBP1, BCL2, BCL6, THPO, EHD4, NOS1, MID1, SIRT1, BRAT1, 
TP73, RPS6KA4, PHF19, PRLR, SMPD1, SVIP, HTR2C, IGFBP3, LRP4, HTR2A 
1.482352866 0.194929989 0.001282172 0.056463225 
GO:0032268~regulation of cellular protein 
metabolic process 210 15.39589443 2.96E-05 
DYNC1LI1, PPP2R5A, SNCA, LPAR2, S1PR2, CRY2, SERPINE1, GAB1, RECK, DAB2IP, ROCK1, PTPRR, MYH9, PPARGC1B, OGFOD1, HNF4A, SERPINF2, VEGFA, 
PDGFRA, PDGFRB, ATPIF1, WFDC5, NEK5, GATC, SUPT6H, RAD23B, GCNT2, GNAI2, DAG1, NFKBIA, BDKRB2, ACE, HIP1, ASXL2, BMP3, UNC119, MAP2K1, 
IL1RN, SMAD4, MSTN, CDC23, HGF, OXSR1, GAS1, EPHA4, CSRNP3, TRPS1, MARCKS, NCOR2, BMP8B, KLF4, OPRM1, CPEB2, CPEB3, PPARG, ZYG11B, CCNE2, 
EEF2K, ANP32A, TGFA, AGAP2, MYC, ANP32B, TP53, IL6R, MYADM, INHBB, CCND1, MAP3K15, KSR2, SERPINB8, SERPINB2, WNT9B, SEMA4C, PLA2G6, 
KSR1, NSD1, ZER1, ZMYND11, CCR1, ATG13, FKBP1A, BCCIP, KIT, FKBP1B, CCL22, ACSL1, MPV17L2, XBP1, BCL2, PER2, MLLT1, BCL6, AGO4, NOS1, CNST, 
SWAP70, PPP1R11, MID1, BRAT1, TRIM21, SGTA, TP73, DUSP4, RPS6KA4, PHF19, DKK1, SVIP, HTR2C, LRP4, HTR2A, NCBP2, SRCIN1, PSTK, CTDSPL, 
TNFSF14, WNT1, ATG5, MYOCD, MDFIC, GATA3, RRAS, CTDSP2, SPRED1, RNF34, DISC1, SAMD4A, PID1, RET, FGF23, SOCS4, PKIA, MAP4K4, GPR55, RELT, 
TRIM32, AKAP6, RELN, CLIP3, CAV3, SNX9, FZR1, STRAP, DRD2, SOX4, ULK4, LIN28A, SRC, PPP1R16B, AMER1, TRIM67, ECE1, CNOT6L, LMTK3, AXIN2, 
CSF1R, DIXDC1, MET, ARPP19, FOXP3, CORO1C, HSPBP1, CDKN1C, UACA, HDAC1, AKTIP, DNAJB2, CBFA2T3, PDCD4, RSPO1, KLHL25, PAX7, RTF1, LTF, 
DLG3, PLCB1, IRAK2, ANKS1A, CCDC88A, NOS1AP, CYCS, RIMBP2, LEF1, PRKCE, PURB, PRKD1, ACVR2B, PSME1, UBE2K, CNTN2, PSME3, RTN4RL1, CTCFL, 
KITLG, CTNND1, CALCA, MARVELD3, THPO, EHD4, FETUB, RCAN1, SIRT1, PPP1R9B, PRLR, RPL13A, SMPD1, IRF1, KDM4C, IGFBP3, RNF41 
1.300132573 0.20233643 0.00132893 0.058869292 
GO:0032870~cellular response to 
hormone stimulus 67 4.91202346 3.05E-05 
CREBRF, RNASEL, CPEB2, PGF, LHCGR, PPARG, NAP1L1, RHOQ, CBX3, RORA, SLC2A8, WNT1, PLOD1, SERPINE1, EEF2K, RARB, MYC, MTUS1, PID1, SOGA1, 
ADIPOR2, FGF23, LEF1, SOCS7, CFTR, FOSB, HNF4G, PRKCE, IRS1, PRKCB, CRHR1, INHBB, PRKCQ, NCOA1, UCN2, HNF4A, VEGFA, STC1, RELN, VAMP2, 
GLP1R, HMGCS1, PAQR7, PAQR8, KIT, SRC, NR2C2, GPR22, ACSL1, RPL32, XBP1, PIK3R2, ESRRA, CREB1, MET, NR4A2, MSTN, ATP1A2, USF1, SIRT1, 
PPP1R9B, NOTCH1, NR1I2, UCP3, PRLR, IRF1, MARCKS 
1.686534935 0.207531954 0.001359327 0.060570452 
GO:0010721~negative regulation of cell 
development 45 3.299120235 3.07E-05 
CAV3, CLDN18, GFAP, RAP1GAP, STRAP, ADCY5, JAG1, LIN28A, HOOK3, EPHB2, MBP, S1PR3, FAT3, OVOL2, XYLT1, BCL2, RAB29, SEMA3E, ANP32A, NFATC4, 
TLX2, DIXDC1, DAB2IP, SIX3, TP53, ZHX2, DLL1, SKI, TRIM62, TP73, MYCN, CORO1C, NOTCH3, SEMA6A, EPHA4, MAP4K4, NOTCH1, DLX1, SEMA4F, FOXG1, 
CNTN2, SEMA4C, SEMA4B, LRP4, SRGAP2 
1.939451685 0.209156768 0.001363346 0.061104746 
GO:0009896~positive regulation of 
catabolic process 
55 4.032258065 3.09E-05 
CREBRF, CRNKL1, SLC6A1, CPEB3, SNCA, PEX3, CBFA2T3, ATG5, MYC, DISC1, DAB2IP, CHST3, SOCS4, PRKCE, IRS1, ZCCHC17, ATG4B, TRIM32, ATPIF1, 
TREM1, SNX9, FZR1, PPP2R3A, ATG13, CALCOCO2, HK1, NR2C2, RIMS3, OAZ2, CALCB, AMER1, TRIM67, LPCAT1, GMIP, XBP1, PAFAH1B2, NEDD4L, TNRC6B, 
MAP2K1, MAP1A, MSTN, SIRT1, TRIM21, KCNK3, SGTA, FAM131B, HSPBP1, NEDD4, MEX3C, DNAJB2, SVIP, IGFBP3, TP53INP2, TP53INP1, HTR2A 
1.799186035 0.2101526 0.001362744 0.061432751 
GO:0009719~response to endogenous 
stimulus 
169 12.39002933 3.13E-05 
RNASEL, LDHA, SLC6A1, PGF, SLC6A3, SNCA, LHCGR, FGFRL1, CBX3, RORA, JAG1, SLC2A8, WNT1, CRY2, PLOD1, MYOCD, PAPPA, GATA3, PDE4B, SERPINE1, 
RARB, NQO1, MTUS1, PID1, DAB2IP, SOGA1, PDXK, STRN3, YY1, FGF23, SOCS7, HNF4G, UBR1, IRS1, PPARGC1B, CRHR1, UCN2, THBD, HNF4A, VEGFA, 
PDGFRA, PDGFRB, AKAP6, RELN, STC1, VAMP2, GLP1R, CAV3, ALDOA, GCNT2, DRD2, STRAP, ONECUT2, DAG1, HMGCS1, PAQR7, NFKBIA, PAQR8, RRAGD, 
GREM2, SRC, NR2C2, SLX4, PEA15, PEG10, GPR22, ACE, RNF165, IDH1, CDA, HCN3, KLF6, BMP3, MUC2, ESRRA, MAP2K1, IL1RN, MET, EME1, NR4A2, 
SMAD4, MSTN, SKI, USF1, CDKN1C, NOTCH2, NOTCH1, NR1I2, UCP3, HDAC1, PLCG1, MARCKS, AREG, KLF4, NCOR2, BMP8B, CREBRF, ARSB, OPRM1, CPEB2, 
CRNKL1, NDST1, CPEB3, GLRA3, PPARG, NAP1L1, RHOQ, ZEB1, MBP, GPX3, EEF2K, PLCB1, MYC, GPIHBP1, FOSL1, TP53, ADIPOR2, LEF1, CFTR, FOSB, IL6R, 
PRKCE, PRKCB, INHBB, PRKCQ, ACVR2B, NCOA1, CCND1, DGAT1, CALCR, KMT2D, FUT8, RAP1GAP, TH, PPM1A, FKBP1A, KIT, CALCA, RGMB, ACSL1, RPL32, 
XBP1, FAT4, BCL2, BCL9L, PIK3R2, SHMT1, NOS1, GNAO1, CREB1, RCAN1, ATP1A2, TMPRSS6, COL5A2, SIRT1, TP73, CDH13, PPP1R9B, DKK1, PRLR, RPL13A, 
PLN, HEYL, IRF1, SMPD1, DPYD, HTR2C, LRP4, HTR2A 
1.35017225 0.212519631 0.001372143 0.062214056 
GO:1901019~regulation of calcium ion 
transmembrane transporter activity 
16 1.173020528 3.21E-05 CAV3, JPH3, NOS1AP, DRD2, CACNB1, CACNB3, FKBP1A, ATP1A2, FKBP1B, CRHR1, ANK2, PLCG1, PLN, PDE4B, AKAP6, PLA2G6 3.521051678 0.217155419 0.001398 0.063751037 
GO:0032940~secretion by cell 96 7.038123167 3.26E-05 
OPRM1, SYT1, KCNC3, HNF1A, CHMP3, SRCIN1, VTCN1, ADCY5, SNCA, PPARG, SYNJ1, SYT9, ILDR2, ILDR1, FES, ITSN1, SIDT2, PNP, LGR4, SLC16A1, CRY2, 
ATG5, TRIM9, GATA3, VPS4A, CREB3L1, MS4A2, LGI3, PLCB1, RAB21, STX1A, GBP5, NOS1AP, NRXN2, FGF23, CFTR, PFKM, PRKCE, IRS1, PCLO, PRKCB, 
CRHR1, INHBB, PRKCQ, MAP4K4, ACVR2B, MYRIP, DGAT1, UCN2, HNF4A, LYST, GRM7, PLA2G6, TREM1, VAMP2, GLP1R, CLOCK, CPLX2, RAB3B, DRD2, 
KCNA2, CCR1, SOX4, SNX4, KIT, MYT1, FKBP1B, RIMS4, SRC, RIMS3, ARHGAP44, XBP1, GOLPH3L, SYN2, PER2, TMEM79, CSF1R, DNM1L, NOS1, ABR, CREB1, 
IL1RN, SMAD4, AXL, DGKI, FOXP3, SIRT1, FOXP1, NOTCH2, NOTCH1, HDAC1, PLCG1, CACNA1E, ADGRL1, HTR2C, HTR2A 
1.523864989 0.220514913 0.001414463 0.064870551 
GO:0006355~regulation of transcription, 
DNA-templated 
253 18.5483871 3.31E-05 
RORA, DDX17, CRY2, WDR77, MED27, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, HNF4A, MTF1, 
SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, SMAD4, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, CSRNP3, TRPS1, 
JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, 
SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, 
ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, ZFP2, ATMIN, TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, DKK1, 
MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, MDFIC, GATA3, TGS1, 
SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, IGSF1, TRIM32, NFE2L1, RELN, GLP1R, CAMTA1, 
DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, FOXP3, 
TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, 
TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, PRKCH, LEF1, DDN, 
PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, 
CTCFL, CALCA, RGMB, POU2F1, NFATC4, PIK3R2, CHD3, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.26017063 0.22333043 0.001426892 0.065812503 
GO:0032270~positive regulation of cellular 
protein metabolic process 
131 9.604105572 3.43E-05 
SRCIN1, PPP2R5A, SNCA, LPAR2, S1PR2, WNT1, MDFIC, GATA3, GAB1, DISC1, SAMD4A, RET, DAB2IP, FGF23, SOCS4, MYH9, PPARGC1B, GPR55, HNF4A, 
RELT, SERPINF2, TRIM32, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, ATPIF1, CLIP3, NEK5, SNX9, FZR1, GCNT2, GNAI2, DRD2, SOX4, NFKBIA, LIN28A, SRC, 
PPP1R16B, AMER1, ACE, TRIM67, AXIN2, CSF1R, HIP1, ASXL2, DIXDC1, BMP3, UNC119, MAP2K1, MET, IL1RN, SMAD4, MSTN, HGF, OXSR1, FOXP3, HSPBP1, 
EPHA4, UACA, HDAC1, AKTIP, DNAJB2, MARCKS, KLF4, BMP8B, NCOR2, OPRM1, CPEB3, PPARG, CBFA2T3, RSPO1, PAX7, RTF1, LTF, TGFA, PLCB1, AGAP2, 
MYC, IRAK2, CCDC88A, ANP32B, NOS1AP, CYCS, TP53, IL6R, PRKCE, PRKD1, INHBB, ACVR2B, CCND1, KSR2, MAP3K15, PSME1, UBE2K, CNTN2, SEMA4C, 
PLA2G6, PSME3, KSR1, CCR1, ATG13, KITLG, CTNND1, FKBP1A, KIT, CALCA, CCL22, ACSL1, MPV17L2, XBP1, BCL2, BCL6, EHD4, THPO, NOS1, MID1, SIRT1, 
BRAT1, TP73, SGTA, RPS6KA4, PHF19, PRLR, SMPD1, SVIP, IGFBP3, HTR2C, LRP4, HTR2A 
1.416744825 0.23007446 0.001467806 0.06808269 
GO:2001141~regulation of RNA 
biosynthetic process 
255 18.69501466 3.49E-05 
RORA, DDX17, CRY2, WDR77, MED27, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, HNF4A, MTF1, 
SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, 
CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, 
TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, 
BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, ZFP2, ATMIN, TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, 
DKK1, MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, MDFIC, GATA3, 
TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, IGSF1, TRIM32, NFE2L1, RELN, GLP1R, CAMTA1, 
1.257625207 0.233837344 0.001486942 0.069357995 
 198 
DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, FOXP3, 
TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, 
TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, PRKCH, LEF1, DDN, 
PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, 
CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, PIK3R2, CHD3, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
GO:0072359~circulatory system 
development 104 7.624633431 3.50E-05 
PGF, FGFRL1, RORA, JAG1, CXCL10, DDX17, PTGIS, MYOCD, ATG5, ANK2, GATA3, GAB1, TGFBI, SERPINE1, RRAS, RARB, RECK, DAB2IP, PTPRM, ROCK1, DLL1, 
MYH9, GRHL2, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, ASB4, CAV3, HOXA13, SOX4, EPHB2, ACE, PPP1R16B, ECE1, OVOL2, TFDP2, AXIN2, ASXL2, 
MAP2K1, MET, SMAD4, PTPN14, WHSC1, HGF, UBP1, FOXP1, NOTCH3, NOTCH2, NOTCH1, PLCG1, KCNJ8, NEDD4, TRPS1, MARCKS, NCOR2, KLF4, NRP2, 
RHOJ, NDST1, AP1B1, PPARG, HPSE, SEMA3E, TGFA, FOSL1, SH3PXD2B, ANP32B, ADIPOR2, TP53, LEF1, PRKCB, PRKD1, ACVR2B, XIRP1, MDM4, PARVA, TH, 
PPP3R1, FKBP1A, BORCS8, CALCA, APLNR, XBP1, SPEG, FAT4, CHM, SLC4A7, NFATC4, PTPRB, CREB1, LMNA, SIRT6, SIRT1, SNAI1, TP73, CDH13, DKK1, 
PKNOX1, SP2, PLN, HEYL, POFUT1 
1.491146268 0.234575732 0.001484037 0.06960898 
GO:0072358~cardiovascular system 
development 
104 7.624633431 3.50E-05 
PGF, FGFRL1, RORA, JAG1, CXCL10, DDX17, PTGIS, MYOCD, ATG5, ANK2, GATA3, GAB1, TGFBI, SERPINE1, RRAS, RARB, RECK, DAB2IP, PTPRM, ROCK1, DLL1, 
MYH9, GRHL2, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, ASB4, CAV3, HOXA13, SOX4, EPHB2, ACE, PPP1R16B, ECE1, OVOL2, TFDP2, AXIN2, ASXL2, 
MAP2K1, MET, SMAD4, PTPN14, WHSC1, HGF, UBP1, FOXP1, NOTCH3, NOTCH2, NOTCH1, PLCG1, KCNJ8, NEDD4, TRPS1, MARCKS, NCOR2, KLF4, NRP2, 
RHOJ, NDST1, AP1B1, PPARG, HPSE, SEMA3E, TGFA, FOSL1, SH3PXD2B, ANP32B, ADIPOR2, TP53, LEF1, PRKCB, PRKD1, ACVR2B, XIRP1, MDM4, PARVA, TH, 
PPP3R1, FKBP1A, BORCS8, CALCA, APLNR, XBP1, SPEG, FAT4, CHM, SLC4A7, NFATC4, PTPRB, CREB1, LMNA, SIRT6, SIRT1, SNAI1, TP73, CDH13, DKK1, 
PKNOX1, SP2, PLN, HEYL, POFUT1 
1.491146268 0.234575732 0.001484037 0.06960898 
GO:0044802~single-organism membrane 
organization 
77 5.64516129 3.54E-05 
SYT1, PPP2R5A, GLRA3, SNCA, RHOQ, PIP5K1A, PEX3, KIF13A, ANK2, ANK3, TRIM9, RAB29, FAM73B, VPS4A, DLG3, CNTNAP2, SAR1A, MYC, SH3PXD2B, 
PID1, STX1A, ATG9A, ROCK1, NRXN2, FLOT2, TP53, SRPRA, ARHGEF9, MYADM, VTI1A, VAT1, BBS1, MFN2, LETM1, ATG4B, CNTN2, MYRF, UBL4A, RELN, 
ATPIF1, CLIP3, VAMP2, PACS1, CALCR, CAV3, SNX9, PPIL2, PPFIA1, BET1, CACNB1, CALCOCO2, EEA1, ZDHHC23, MOAP1, TSPAN33, FAT4, BCL2, STX17, 
TOR1A, SEC16A, CHM, LYPLAL1, FCHO2, SEC61A1, PIK3R2, GPR158, PTPRD, DNM1L, CNST, MYO1C, LMNA, TSPAN14, CRB3, TMBIM1, WIPI2, PPP1R9B, 
LRP4 
1.61148997 0.236529522 0.001489943 0.070274258 
GO:2001257~regulation of cation channel 
activity 19 1.392961877 4.03E-05 JPH3, NOS1AP, DRD2, CACNB1, ASIC2, CACNB3, FKBP1A, FKBP1B, CRHR1, KCNS2, PLCG1, ANK2, ANK3, PLN, PDE4B, AKAP6, PLA2G6, NEDD4L, VAMP2 3.032554124 0.264645586 0.0016876 0.080040668 
GO:1903506~regulation of nucleic acid-
templated transcription 
254 18.62170088 4.05E-05 
RORA, DDX17, CRY2, WDR77, MED27, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, HNF4A, MTF1, 
SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, 
CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, 
TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, 
BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, ZFP2, ATMIN, TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, 
DKK1, MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, MDFIC, GATA3, 
TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, IGSF1, TRIM32, NFE2L1, RELN, GLP1R, CAMTA1, 
DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, FOXP3, 
TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, 
TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, PRKCH, LEF1, DDN, 
PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, 
CTCFL, CALCA, RGMB, POU2F1, NFATC4, PIK3R2, CHD3, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.255677977 0.265662291 0.001685934 0.080400771 
GO:0043543~protein acylation 33 2.419354839 4.21E-05 ING3, HNF1A, SNCA, PPM1A, SOX4, ZDHHC23, JADE2, NAA50, MYOCD, ATG5, BRPF3, XBP1, GATA3, ANP32A, NOS1, TAF5, ZDHHC8, SMAD4, LEF1, FOXP3, 
SIRT1, NMT2, ZDHHC15, MSL2, NCOA1, ZDHHC17, ZDHHC16, RPS6KA4, HDAC1, CLIP3, IRF4, CLOCK, MAP6D1 
2.188598903 0.274567333 0.001742974 0.083576237 
GO:2000113~negative regulation of 
cellular macromolecule biosynthetic 
process 
127 9.31085044 4.32E-05 
CBX3, MAF1, NLRC5, PTGIS, CRY2, MYOCD, OLIG3, MDFIC, GATA3, RARB, SAMD4A, TWIST2, PID1, SATB1, RBFOX2, SATB2, DAB2IP, MTA2, YY1, STRN3, 
ZHX2, SIX3, PKIA, PPARGC1B, FOXN3, UHRF2, HNF4A, FOXG1, VEGFA, MNT, TGIF2, ATXN1L, TNRC18, STRAP, TFCP2L1, NFKBIA, SRC, OVOL2, CNOT6L, 
OVOL1, TFDP2, NAT10, ASXL2, ESRRA, MET, NR4A2, SMAD4, KLF17, SKI, WHSC1, FOXP3, FOXP1, ZBTB42, FOXP2, CDKN1C, NOTCH3, NOTCH2, NOTCH1, 
DLX1, NR1I2, HDAC1, NEDD4, TRPS1, ATF7, JAZF1, KLF4, NCOR2, CREBRF, HNF1A, ARID4A, CPEB2, CPEB3, MITF, PPARG, ZEB1, CBFA2T3, PDCD4, LGR4, 
PRMT2, PEX2, WWC3, RTF1, MKX, PLCB1, MYC, IRAK2, TBL1XR1, TP53, LEF1, SPEN, PURB, NRIP2, MXD4, ACVR2B, CCND1, MDM4, CUX1, NSD1, CLOCK, 
KMT2D, FRK, ZMYND11, CALCA, XBP1, POU2F1, PER2, GATAD2B, BCL6, NFATC4, AGO4, BAZ2A, CREB1, TNP1, SIRT6, SNAI1, SIRT1, TMPRSS6, TRIM21, 
TP73, PHF19, DKK1, RPL13A, CDAN1, OBFC1, HEYL, IRF1, ZBTB4 
1.418916114 0.28058174 0.001778483 0.085743 
GO:0001504~neurotransmitter uptake 9 0.659824047 4.44E-05 RAB3B, NOS1, DRD2, SLC6A3, TOR1A, SNCA, PER2, ATP1A2, NAT8L 6.22471636 0.287143941 0.001818107 0.088127819 
GO:0051252~regulation of RNA metabolic 
process 263 19.28152493 4.74E-05 
RORA, WTAP, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, MTF1, 
HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, 
ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, 
CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, 
TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, 
BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, AFF2, ZFP2, ATMIN, TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, 
PKNOX1, DKK1, MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, TP53INP1, NCBP2, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, 
MDFIC, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, IGSF1, CELF6, TRIM32, CELF3, 
NFE2L1, RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, 
NR4A2, HACE1, WHSC1, RNPS1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, 
RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PCBP4, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, 
FOXJ2, PADI2, PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, 
ABLIM3, CTNND2, PPP3R1, PPM1A, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, TNRC6B, PIK3R2, CHD3, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, 
ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.247110982 0.303443429 0.001931855 0.094147398 
GO:0009887~organ morphogenesis 102 7.478005865 4.78E-05 
PGF, FGFRL1, ENAM, JAG1, CALB1, HS2ST1, WNT1, GATA3, RARB, TWIST2, SATB2, PTPRM, YY1, SIX3, DLL1, GRHL2, PPARGC1B, FOXN3, FOXG1, VEGFA, 
PDGFRA, PDGFRB, STC1, CAV3, PPP2R3A, HOXA13, DAG1, LRIG1, SOX4, SRC, EPHB2, OVOL2, PVRL1, MYO15A, AXIN2, ASXL2, PLAG1, ABR, MAP2K1, MET, 
NTN4, SMAD4, ROGDI, WHSC1, SKI, GAS1, HGF, FOXP2, NOTCH2, NOTCH1, DLX1, HDAC1, NEDD4, TRPS1, AREG, FOXI1, NCOR2, NRP2, HNF1A, E2F5, NDST1, 
ZEB1, LGR4, PAX7, LTF, TGFA, MYC, SDK2, TP53, LEF1, EDAR, PRKCB, MYCN, BBS1, MFN2, ACVR2B, CLIC5, WNT9B, MDM4, PARVA, TH, CTNND1, FKBP1A, 
FAT3, FAT4, XBP1, BCL11B, BCL2, POU2F1, SLC4A7, MLLT3, SLC12A2, SIRT6, COL5A2, SNAI1, WNT2B, DKK1, RPL13A, BNC2, HEYL, TMTC3, LRP4 
1.485940315 0.305667499 0.001938567 0.094979645 
GO:0042592~homeostatic process 150 10.99706745 5.09E-05 
TUSC3, ADCY5, SNCA, LHCGR, ILDR2, RORA, CXCL11, SIDT2, CALB1, CXCL10, SLC16A1, CRY2, ANK2, ATG5, ANK3, GATA3, PDE4B, SERPINE1, MS4A2, 
SLC25A27, DISC1, RBFOX2, SCN2B, RAP1GDS1, FGF23, DLL1, PPARGC1B, CRHR1, MAP4K4, TNS2, VSIG1, GPR55, HNF4A, LYST, TRIM32, PGM1, VEGFA, 
PDGFRA, PDGFRB, AKAP6, NFE2L1, ATPIF1, STC1, GLP1R, ALDOA, CAV3, GCNT2, HOXA13, STRAP, DRD2, SOX4, BDKRB2, MYT1, SRC, CSMD1, SLX4, ACE, 
LPCAT1, NAT10, TNKS, SLC30A3, SLC31A2, TMEM79, SLC30A6, RPS24, CSF1R, TMEM97, MUC2, MET, IL1RN, SMAD4, MSTN, FOXP3, USF1, KCNK3, PLCG1, 
CACNA1E, ADRA1D, NCOR2, BMP8B, OPRM1, JPH3, HNF1A, ARID4A, PPARG, LGR4, DNAJC16, PEX2, LTF, MYC, GPIHBP1, TP53, ADIPOR2, CHST3, CFTR, 
1.367640129 0.322042523 0.002054346 0.101190299 
 199 
CDK6, PFKM, PRKCE, PRKCB, BBS1, PRKD1, PRKCQ, MAGT1, DGAT1, UBE2K, SLC26A9, PLA2G6, ORMDL3, GPR12, CALCR, CLDN18, GLRX5, CCR1, TH, HK1, 
KITLG, FKBP1A, KIT, TRIM10, FKBP1B, TPCN2, CALCA, NPTX1, XBP1, BCL2, BCL6, SCNN1G, INPP5D, NEDD4L, PIK3R2, NOS1, NCDN, SLC12A2, SWAP70, 
MAP1A, PDK3, AXL, SIRT6, ATP1A2, AMPD2, TMPRSS6, SIRT1, ERP44, PKNOX1, OBFC1, PLN, MEX3C, HTR2C, TP53INP2, HTR2A 
GO:0051336~regulation of hydrolase 
activity 115 8.431085044 5.39E-05 
PPP2R5A, SNCA, TNFSF14, RASGEF1C, ITSN1, CRY2, SERPINE1, MS4A2, SPRED1, RNF34, RECK, DAB2IP, RET, STMN3, ROCK1, PSD3, RAP1GDS1, RIC8B, 
PPARGC1B, FARP2, SGSM2, GPR55, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, ATPIF1, NEK5, WFDC5, SNX9, RALGPS2, RALGPS1, DRD2, SIPA1, SRC, 
GMIP, LMTK3, TBC1D30, AXIN2, FGD6, FGD3, HIP1, ARHGEF33, ABR, MAP2K1, DOCK9, ARPP19, DOCK8, HGF, DOCK3, CORO1C, TBC1D25, EPHA4, UACA, 
CSRNP3, PKP4, RGS6, MARCKS, DNAJB1, KLF4, CPEB2, PPARG, PIP5K1A, NMUR1, ARHGAP1, LTF, DLG3, PLCB1, GPIHBP1, MYC, AGAP2, ALS2CL, ARHGEF3, 
ANP32B, RAB4A, RIMBP2, CYCS, LEF1, ARHGEF9, ARHGAP26, PRKD1, PSME1, DNAJC24, SERPINB8, SERPINB2, PSME3, SRGAP2, CALCR, RAP1GAP, CYTH4, 
FKBP1A, FKBP1B, PLEKHG2, CCL22, RASGRP4, ARHGAP44, CHM, BCL6, RASA4, ELMOD1, TBC1D2, GNAO1, CNST, NOS1, FETUB, PPP1R11, RCAN1, DGKI, 
SIRT1, RALGDS, PPP1R9B, PLN, EVI5L, HTR2A 
1.442399732 0.337330102 0.002163332 0.107125067 
GO:0051345~positive regulation of 
hydrolase activity 
77 5.64516129 5.45E-05 
SNCA, PPARG, RASGEF1C, PIP5K1A, ITSN1, NMUR1, ARHGAP1, MS4A2, PLCB1, AGAP2, GPIHBP1, MYC, ALS2CL, ARHGEF3, DAB2IP, RET, ANP32B, RAB4A, 
CYCS, RAP1GDS1, PSD3, ARHGEF9, RIC8B, PPARGC1B, ARHGAP26, FARP2, PRKD1, PSME1, GPR55, SGSM2, DNAJC24, VEGFA, PDGFRA, PDGFRB, AKAP6, 
PSME3, NEK5, SRGAP2, CALCR, SNX9, RALGPS2, RALGPS1, RAP1GAP, SIPA1, CYTH4, PLEKHG2, CCL22, GMIP, ARHGAP44, RASGRP4, CHM, TBC1D30, AXIN2, 
FGD6, RASA4, FGD3, ELMOD1, TBC1D2, HIP1, ARHGEF33, ABR, GNAO1, MAP2K1, DOCK9, DOCK8, SIRT1, RALGDS, DOCK3, CORO1C, TBC1D25, UACA, PKP4, 
RGS6, MARCKS, EVI5L, DNAJB1, HTR2A 
1.590859231 0.34001184 0.002173203 0.108180203 
GO:0051926~negative regulation of 
calcium ion transport 
14 1.026392962 5.63E-05 CAV3, NOS1, GNAO1, DRD2, FKBP1A, ATP1A2, PRKCE, FKBP1B, CALCA, CRHR1, ACE, PLN, BCL2, STC1 3.765569156 0.349343067 0.002235896 0.111885217 
GO:0010605~negative regulation of 
macromolecule metabolic process 
207 15.17595308 5.67E-05 
DYNC1LI1, SNCA, CRY2, SERPINE1, RARB, TWIST2, RECK, DAB2IP, ROCK1, YY1, STRN3, ZHX2, PTPRR, PPARGC1B, UHRF2, HNF4A, SERPINF2, FOXG1, VEGFA, 
MNT, TGIF2, ATXN1L, WFDC5, SUPT6H, TNRC18, TFCP2L1, DAG1, NFKBIA, BDKRB2, MYT1, ACE, NAT10, TNKS, PLAG1, ASXL2, ESRRA, MAP2K1, SMAD4, 
KLF17, SKI, HGF, GAS1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, NCOR2, KLF4, CREBRF, HNF1A, CPEB2, CPEB3, 
MITF, PPARG, ZEB1, ANP32A, MKX, AGAP2, MYC, FLOT2, TP53, IL6R, SPEN, MYADM, MXD4, INHBB, CCND1, SERPINB8, SERPINB2, NSD1, CLOCK, ZMYND11, 
CCR1, FKBP1A, FKBP1B, SF3B3, XBP1, LRRTM2, PER2, MLLT1, GATAD2B, BCL6, AGO4, BAZ2A, NOS1, CNST, SWAP70, PPP1R11, TNP1, MARCH8, SNAI1, 
TMPRSS6, TRIM21, TP73, DUSP4, DKK1, PHF19, OBFC1, NEUROD2, ZBTB4, SVIP, NCBP2, SRCIN1, CTDSPL, XPO5, TNFSF14, CBX3, MAF1, NLRC5, WNT1, 
PTGIS, ATG5, MYOCD, OLIG3, MDFIC, GATA3, CTDSP2, SPRED1, RNF34, SAMD4A, PID1, RBFOX2, SATB1, SATB2, MTA2, SIX3, SOCS4, PKIA, FOXN3, UCN2, 
TRIM32, CAV3, STRAP, SOX4, LIN28A, SRC, PPP1R16B, OVOL2, ITGB8, CNOT6L, OVOL1, TFDP2, RNF169, LMTK3, MET, NR4A2, WHSC1, RNPS1, FOXP3, 
TRIM62, FOXP1, FOXP2, CORO1C, CDKN1C, HDAC1, NEDD4, ATF7, DNAJB2, ARID4A, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, PCBP4, RTF1, WWC3, DLG3, 
PLCB1, IRAK2, TBL1XR1, ANKS1A, RIMBP2, LEF1, PRKCE, NRIP2, PURB, ACVR2B, MDM4, CUX1, FRK, KMT2D, RTN4RL1, CALCA, MARVELD3, POU2F1, 
NFATC4, INPP5D, TNRC6B, FETUB, CREB1, SIRT6, SIRT1, PPP1R9B, RPL13A, CDAN1, HEYL, IRF1, SMPD1, KDM4C, IGFBP3 
1.290359657 0.351213504 0.002239207 0.112634257 
GO:0031056~regulation of histone 
modification 
24 1.759530792 5.80E-05 ASXL2, NOS1, SNCA, TP53, SMAD4, CTCFL, FOXP3, SIRT1, PRKD1, PHF19, RPS6KA4, ATG5, MYOCD, XBP1, TRPS1, GATA3, PAX7, VEGFA, RTF1, ANP32A, 
KDM4C, BCL6, NSD1, SUPT6H 
2.544409607 0.35740821 0.00227702 0.115130475 
GO:0050808~synapse organization 33 2.419354839 6.01E-05 DRD2, GLRA3, SNCA, CACNB1, CTNND2, CACNB3, EPHB2, CALCA, PVRL1, ANK3, LRRTM2, SEMA3E, EEF2K, NFATC4, DISC1, DBNL, PTPRD, DAB2IP, NRXN2, 
SDK2, ASIC2, BSN, KY, CACNG2, CACNA2D2, PCLO, SLITRK4, NEDD4, CNTN2, NEUROD2, RELN, ADGRL1, LRP4 
2.149341523 0.368074063 0.002350991 0.119485163 
GO:0031324~negative regulation of 
cellular metabolic process 205 15.02932551 6.17E-05 
DYNC1LI1, PPP2R5A, SNCA, CRY2, SERPINE1, RARB, TWIST2, RECK, DAB2IP, ROCK1, YY1, STRN3, ZHX2, PTPRR, PPARGC1B, UHRF2, HNF4A, SERPINF2, 
FOXG1, VEGFA, MNT, TGIF2, ATXN1L, WFDC5, SUPT6H, TNRC18, TFCP2L1, DAG1, NFKBIA, BDKRB2, LPCAT1, CDA, NAT10, TNKS, ASXL2, ESRRA, SMAD4, 
MSTN, KLF17, SKI, HGF, GAS1, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, NCOR2, KLF4, OPRM1, CREBRF, HNF1A, CPEB2, 
CPEB3, MITF, PPARG, ZEB1, ANP32A, MKX, MYC, TP53, ERLIN1, SPEN, MYADM, MYCN, MXD4, INHBB, CCND1, SERPINB8, GRM7, SERPINB2, NSD1, CLOCK, 
ZMYND11, FKBP1A, FKBP1B, XBP1, BCL2, LRRTM2, PER2, MLLT1, GATAD2B, BCL6, AGO4, BAZ2A, NOS1, CNST, SWAP70, PPP1R11, TNP1, SNAI1, TMPRSS6, 
TRIM21, TP73, DUSP4, DKK1, PHF19, OBFC1, NEUROD2, ZBTB4, SVIP, HTR2C, SRCIN1, CTDSPL, TNFSF14, CBX3, MAF1, NLRC5, WNT1, PTGIS, ATG5, MYOCD, 
OLIG3, MDFIC, GATA3, CTDSP2, SPRED1, RNF34, SAMD4A, PID1, RBFOX2, SATB1, SATB2, SOGA1, MTA2, SIX3, SOCS4, PKIA, FOXN3, TRIM32, AKAP6, CAV3, 
STRAP, DRD2, SOX4, SRC, PPP1R16B, OVOL2, CNOT6L, OVOL1, TFDP2, RNF169, LMTK3, MET, NR4A2, WHSC1, RNPS1, FOXP3, TRIM62, FOXP1, FOXP2, 
CORO1C, CDKN1C, HDAC1, NEDD4, ATF7, DNAJB2, ARID4A, CBFA2T3, PDCD4, LGR4, PRMT2, PEX2, PCBP4, RTF1, WWC3, DLG3, PLCB1, IRAK2, TBL1XR1, 
ANKS1A, CYCS, RIMBP2, LEF1, PRKCE, NRIP2, PURB, ACVR2B, MDM4, CUX1, FRK, KMT2D, RTN4RL1, CALCA, MARVELD3, POU2F1, NFATC4, INPP5D, FETUB, 
CREB1, SIRT6, SIRT1, PPP1R9B, RPL13A, CDAN1, ATXN7, HEYL, IRF1, SMPD1, KDM4C, IGFBP3 
1.290073365 0.375478239 0.002399001 0.122551488 
GO:0032880~regulation of protein 
localization 
98 7.184750733 6.24E-05 
SRCIN1, PPP2R5A, VTCN1, ADCY5, XPO4, SYT9, TNFSF14, SIDT2, SLC16A1, ATG5, MDFIC, ANK3, GATA3, RAB29, VPS4A, PID1, DAB2IP, PKIA, IRS1, CDKL2, 
MAP4K4, HNF4A, VEGFA, AKAP6, ATPIF1, CLIP3, VAMP2, GLP1R, DRD2, NFKBIA, SOX4, MYT1, SRC, OAZ2, GOLPH3L, AXIN2, CSF1R, MYO1C, SMAD4, 
PTPN14, WHSC1, FOXP3, FOXP1, UACA, HDAC1, CACNA1E, DNAJB2, CREBRF, OPRM1, LZTS2, HNF1A, DPH6, RHOQ, LGR4, TMEM173, NMUR1, KDELR3, 
ANP32B, ZDHHC8, CFTR, EDAR, PFKM, PRKCE, INHBB, PRKCQ, MYRIP, PLA2G6, CLOCK, CLDN18, ABLIM3, PPFIA1, ATG13, PPP3R1, PPM1A, HK1, FKBP1A, 
FKBP1B, XBP1, BCL2, TOR1A, PER2, LYPLAL1, NEDD4L, PIK3R2, ELMOD1, DNM1L, CNST, NOS1, SWAP70, LRRC46, LMNA, TMBIM1, SIRT1, PPP1R9B, KCNN3, 
SVIP, TP53INP2, LRP4 
1.490455645 0.378823461 0.002414036 0.123948771 
GO:0042127~regulation of cell 
proliferation 
146 10.70381232 6.47E-05 
PGF, VTCN1, FGFRL1, JAG1, CXCL11, TPD52, PNP, CXCL10, WNT1, CD47, MYOCD, GATA3, SERPINE1, WDR77, SLC25A27, RARB, DISC1, FNDC3B, TWIST2, 
PID1, DAB2IP, PTPRM, TAF4B, EFNB1, SIX3, DLL1, IRS1, TNS2, HNF4A, RELT, SERPINF2, TBRG1, TRIM32, FOXG1, VEGFA, PDGFRA, PDGFRB, ATPIF1, ATXN1L, 
GLP1R, PLA2G2F, CAV3, FXYD2, FZR1, GCNT2, GNAI2, STRAP, DRD2, SOX4, NFKBIA, BDKRB2, LIN28A, SRC, IRAK4, PPP1R16B, ACE, OVOL2, CNOT6L, OVOL1, 
FBXW4, AXIN2, CSF1R, PLAG1, MUC2, ESRRA, MAP2K1, PTPN14, SMAD4, ROGDI, MSTN, SKI, HGF, GAS1, FOXP3, FOXP1, FOXP2, NOTCH3, CDKN1C, 
NOTCH2, NOTCH1, HDAC1, DNAJB2, AREG, KLF4, LZTS2, GFAP, E2F3, MARCKSL1, MITF, PPARG, ZEB1, FES, CBFA2T3, WISP2, RSPO1, HPSE, PEX2, PAX7, 
LTF, TGFA, AGAP2, MYC, FOSL1, CCDC88A, ANP32B, TP53, PRKCH, LEF1, CDK6, IL6R, MYCN, PRKD1, MFN2, PRKCQ, CCND1, XIRP1, ADK, MDM4, FRK, 
KMT2D, RAP1GAP, KITLG, KIT, XBP1, BCL2, BCL11B, MARVELD3, PER2, BCL6, INPP5D, THPO, NOS1, TRNP1, CREB1, LMNA, SIRT6, SIRT1, TP73, CDH13, 
PPP1R9B, IRF1, KDM4C, IGFBP3, RNF41, HTR2A, TP53INP1 
1.36809895 0.389732927 0.002491127 0.128558322 
GO:0046907~intracellular transport 143 10.48387097 6.47E-05 
NCBP2, CHMP3, XPO5, XPO4, SNCA, CHMP7, LHCGR, VPS52, TNFSF14, CXCL11, HOOK3, CXCL10, KIF13A, CRY2, ANK2, ATG5, ANK3, MDFIC, RAB29, MS4A2, 
VPS4A, SAR1A, RAB21, DAB2IP, SIX3, CDKL2, ERGIC1, PKIA, VTI1A, CRHR1, SGSM2, HNF4A, LYST, TBRG1, SURF4, AKAP6, ATPIF1, VAMP2, ERC1, GLP1R, 
SUPT6H, PACS1, SNX9, SYVN1, DRD2, COPZ1, CACNB1, DAG1, SOX4, NFKBIA, SNX4, LMAN1, SRC, OAZ2, STX17, GOLPH3L, AXIN2, SEC61A1, SLC30A6, 
RHOBTB3, MYO1C, MAP2K1, PTPN14, SMAD4, GAS1, UACA, UCP3, PLCG1, AKTIP, NEDD4, MARCKS, SPCS2, CREBRF, LZTS2, JPH3, AP1B1, DPH6, AP3S2, 
PEX3, PIP5K1A, FES, TMEM173, AP1S2, NMUR1, PEX2, MAPT, ANP32A, GPIHBP1, STX1A, ANP32B, RAB4A, ZDHHC8, TP53, SRPRA, EDAR, PRKCE, MYADM, 
BBS1, PRKD1, MFN2, PRKCQ, MYRIP, ATG4B, TOM1, CUX1, CPLX2, ABLIM3, ATG13, BET1, PPP3R1, PPM1A, FKBP1A, KLC2, KIT, FKBP1B, TPCN2, CALCA, 
NPTX1, MOAP1, RAB43, XBP1, BCL2, SEC16A, CHM, BCL6, LYPLAL1, ELMOD1, EHD4, PIK3R2, SPRN, CNST, LMNA, LRRC46, MAL, HID1, SIRT1, COG3, COG6, 
KCNN3, PLN, SVIP, HTR2C, HTR2A 
1.373664258 0.389817597 0.00247932 0.128594418 
GO:0045937~positive regulation of 
phosphate metabolic process 
104 7.624633431 6.58E-05 
SRCIN1, PPP2R5A, LHCGR, SNCA, LPAR2, CXCL11, ITSN1, CXCL10, S1PR2, WNT1, MDFIC, GAB1, PID1, DAB2IP, RET, FGF23, IRS1, PPARGC1B, CRHR1, HNF4A, 
RELT, GPR55, SERPINF2, MC2R, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, SNX9, GCNT2, GNAI2, DRD2, SRC, ACE, PPP1R16B, ECE1, AXIN2, CSF1R, 
UNC119, BMP3, DIXDC1, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, EPHA4, HDAC1, AKTIP, MARCKS, AREG, BMP8B, OPRM1, RSPO1, LTF, TGFA, 
GUCY1A3, PLCB1, MYC, AGAP2, IRAK2, CCDC88A, TP53, IL6R, PRKCE, PRKD1, INHBB, CCND1, ACVR2B, MAP3K15, KSR2, UBE2K, SEMA4C, PLA2G6, KSR1, 
CALCR, CCR1, ATG13, KITLG, CTNND1, KIT, CALCA, CCL22, ACSL1, XBP1, BCL2, THPO, EHD4, NOS1, MID1, SIRT1, BRAT1, TP73, RPS6KA4, PRLR, SMPD1, 
HTR2C, IGFBP3, LRP4, HTR2A 
1.467960321 0.394555205 0.002505815 0.130622122 
 200 
GO:0010562~positive regulation of 
phosphorus metabolic process 
104 7.624633431 6.58E-05 
SRCIN1, PPP2R5A, LHCGR, SNCA, LPAR2, CXCL11, ITSN1, CXCL10, S1PR2, WNT1, MDFIC, GAB1, PID1, DAB2IP, RET, FGF23, IRS1, PPARGC1B, CRHR1, HNF4A, 
RELT, GPR55, SERPINF2, MC2R, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, SNX9, GCNT2, GNAI2, DRD2, SRC, ACE, PPP1R16B, ECE1, AXIN2, CSF1R, 
UNC119, BMP3, DIXDC1, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, EPHA4, HDAC1, AKTIP, MARCKS, AREG, BMP8B, OPRM1, RSPO1, LTF, TGFA, 
GUCY1A3, PLCB1, MYC, AGAP2, IRAK2, CCDC88A, TP53, IL6R, PRKCE, PRKD1, INHBB, CCND1, ACVR2B, MAP3K15, KSR2, UBE2K, SEMA4C, PLA2G6, KSR1, 
CALCR, CCR1, ATG13, KITLG, CTNND1, KIT, CALCA, CCL22, ACSL1, XBP1, BCL2, THPO, EHD4, NOS1, MID1, SIRT1, BRAT1, TP73, RPS6KA4, PRLR, SMPD1, 
HTR2C, IGFBP3, LRP4, HTR2A 
1.467960321 0.394555205 0.002505815 0.130622122 
GO:0010959~regulation of metal ion 
transport 
46 3.372434018 6.81E-05 
CAV3, FXYD2, JPH3, GNAI2, DRD2, CCR1, LHCGR, SNCA, CACNB1, CACNB3, FKBP1A, CXCL11, FKBP1B, CXCL10, CALCA, ACE, KCNS2, BEST1, ATG5, ANK2, 
ANK3, BCL2, PDE4B, SERPINE1, MS4A2, NEDD4L, SLC31A2, GNAO1, NOS1, SCN2B, NOS1AP, OXSR1, ATP1A2, PRKCE, PRKD1, CRHR1, PLCG1, NEDD4, PLN, 
PLA2G6, PDGFRB, AKAP6, STC1, VAMP2, GLP1R, HTR2A 
1.861057259 0.40513557 0.002580852 0.135208269 
GO:1902275~regulation of chromatin 
organization 26 1.906158358 6.94E-05 
ASXL2, NOS1, SNCA, TP53, SMAD4, CTCFL, PADI2, FOXP3, SIRT1, PRKD1, PHF19, RPS6KA4, UHRF2, ATG5, MYOCD, XBP1, TRPS1, GATA3, PAX7, VEGFA, RTF1, 
ANP32A, KDM4C, BCL6, NSD1, SUPT6H 2.405304411 0.41096824 0.002616744 0.137771401 
GO:0051050~positive regulation of 
transport 100 7.331378299 7.32E-05 
NCBP2, SYT1, RNASEL, SLC6A1, VTCN1, XPO4, LHCGR, SNCA, SYT9, TNFSF14, ILDR1, CXCL11, CXCL10, CD47, ATG5, ANK2, ANK3, GATA3, RAB29, SERPINE1, 
VPS4A, MS4A2, RAB21, DLL1, IRS1, CDKL2, CRHR1, VEGFA, AKAP6, PDGFRB, STC1, RELN, ATPIF1, CLIP3, VAMP2, GLP1R, CAV3, DRD2, NFKBIA, SOX4, SNX4, 
SRC, OAZ2, GOLPH3L, SLC30A3, HIP1, CSF1R, ABR, MYO1C, MET, SMAD4, UACA, PLCG1, NEDD4, MARCKS, NAT8L, CREBRF, DPH6, SYNJ1, PPARG, VPS37B, 
RHOQ, TMEM173, NMUR1, EEF2K, PLCB1, STX1A, ANP32B, ZDHHC8, ADIPOR2, CFTR, EDAR, PFKM, PRKCE, INHBB, PRKCQ, MYRIP, PLA2G6, RAB3B, 
RAP1GAP, CCR1, ABLIM3, ATG13, PPP3R1, PPM1A, XBP1, TOR1A, NEDD4L, PIK3R2, ELMOD1, DNM1L, CNST, NOS1, CREB1, LRRC46, AXL, ASIC2, SIRT1, 
KCNN3, HTR2C 
1.477552205 0.427961449 0.002747691 0.145385868 
GO:0007409~axonogenesis 51 3.739002933 7.57E-05 
NRP2, VCL, MBP, GP5, UNC5A, ANK3, GATA3, MAPT, SEMA3E, LRRC55, LGI1, RAB21, DISC1, PTPRM, EFNB3, EFNB1, COL25A1, NUMBL, SLITRK4, SEMA4F, 
FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, STMN1, ABLIM1, DRD2, DAG1, EPHB2, ALCAM, NPTX1, PVRL1, RNF165, BCL11B, BCL2, DCX, CSF1R, 
DIXDC1, MAP2K1, CREB1, SMAD4, NR4A2, GAS1, RAPH1, FOXP1, SEMA6A, EPHA4, NOTCH1, LRP4 
1.784918667 0.438639202 0.002826349 0.150286748 
GO:0070201~regulation of establishment 
of protein localization 
85 6.231671554 8.11E-05 
OPRM1, CREBRF, HNF1A, SRCIN1, VTCN1, PPP2R5A, DPH6, ADCY5, XPO4, RHOQ, SYT9, TNFSF14, SIDT2, LGR4, SLC16A1, TMEM173, ATG5, MDFIC, ANK3, 
NMUR1, GATA3, RAB29, PID1, KDELR3, DAB2IP, ANP32B, ZDHHC8, CFTR, PFKM, EDAR, PRKCE, PKIA, IRS1, CDKL2, INHBB, PRKCQ, MAP4K4, MYRIP, HNF4A, 
AKAP6, PLA2G6, ATPIF1, CLIP3, VAMP2, GLP1R, CLOCK, DRD2, ABLIM3, ATG13, PPFIA1, PPM1A, PPP3R1, NFKBIA, SOX4, HK1, MYT1, FKBP1B, SRC, OAZ2, 
XBP1, GOLPH3L, PER2, LYPLAL1, AXIN2, ELMOD1, CSF1R, PIK3R2, DNM1L, NOS1, CNST, MYO1C, PTPN14, LRRC46, SMAD4, WHSC1, TMBIM1, FOXP3, SIRT1, 
FOXP1, PPP1R9B, UACA, HDAC1, KCNN3, SVIP, CACNA1E 
1.531723008 0.461547754 0.003015233 0.161122817 
GO:0043271~negative regulation of ion 
transport 
24 1.759530792 8.18E-05 
CAV3, GNAO1, NOS1, DRD2, IL1RN, SNCA, FKBP1A, ATP1A2, OXSR1, PRKCE, FKBP1B, CALCA, CRHR1, ACE, ANK3, NEDD4, PLN, GRM7, BCL2, GRK6, STC1, 
NEDD4L, ACSL4, HTR2A 
2.489886544 0.464336296 0.003025747 0.162473118 
GO:0071705~nitrogen compound 
transport 77 5.64516129 8.62E-05 
CALHM1, NCBP2, HNF1A, SLC6A1, XPO5, SLC22A12, SLC6A3, ADCY5, SNCA, PPARG, SYT9, TNFSF14, ILDR2, ILDR1, SIDT1, PEX3, SIDT2, SLC7A6, SLC16A1, 
SLC35D2, MYC, FLVCR2, STX1A, SLC7A10, CFTR, PFKM, EDAR, PRKCE, IRS1, PCLO, PRKCB, CRHR1, INHBB, PRKCQ, MAP4K4, ACVR2B, MYRIP, DGAT1, HNF4A, 
GRM7, PLA2G6, SLC38A1, GLP1R, CLOCK, SUPT6H, RAB3B, NFKBIE, DRD2, KCNA2, TH, PPM1A, NFKBIA, SOX4, SNX4, MYT1, FKBP1B, OAZ2, XBP1, NUP210, 
SERINC1, TOR1A, PER2, NOS1, SLC12A2, IL1RN, SLC6A14, SLC6A17, SIRT1, SLC16A2, UACA, HDAC1, SLC7A2, CACNA1E, HTR2C, SCN4A, NAT8L, HTR2A 
1.56854704 0.482064967 0.003173242 0.171225446 
GO:1903308~regulation of chromatin 
modification 
25 1.832844575 8.90E-05 
ASXL2, NOS1, SNCA, TP53, SMAD4, CTCFL, FOXP3, SIRT1, PRKD1, PHF19, RPS6KA4, UHRF2, ATG5, MYOCD, XBP1, TRPS1, GATA3, PAX7, VEGFA, RTF1, 
ANP32A, KDM4C, BCL6, NSD1, SUPT6H 
2.420723029 0.492786873 0.003258257 0.176664858 
GO:0045444~fat cell differentiation 31 2.272727273 9.19E-05 
RNASEL, PPARG, RORA, JAG1, WNT1, FNDC5, AP1S2, XBP1, GATA3, PER2, PLCB1, FNDC3B, ASXL2, PID1, SH3PXD2B, TBL1XR1, CREB1, NR4A2, SOCS7, CREB5, 
SIRT1, BBS1, INHBB, CCND1, VEGFA, TRIM32, CLIP3, HTR2C, NCOR2, KLF4, HTR2A 
2.164685016 0.503989804 0.003349206 0.182472214 
GO:0010468~regulation of gene 
expression 
305 22.36070381 9.21E-05 
RORA, WTAP, DDX17, CRY2, MED27, SERPINE1, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, MYH9, PPARGC1B, OGFOD1, 
MED19, UHRF2, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, PDGFRA, TGIF2, ATXN1L, SUPT6H, GATC, GCNT2, TNRC18, HOXA13, CRTC1, 
TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, ACE, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, KLF17, MSTN, SKI, GAS1, UBP1, USF1, SFMBT2, 
ZBTB42, NOTCH3, NOTCH2, ZFHX4, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB2, 
CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, FLOT2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYADM, MXD4, MYCN, FOXR2, CCND1, 
ADK, SLC26A9, NSD1, CLOCK, ZMYND11, FUT8, CCR1, SCML2, KIT, FAM46A, MPV17L2, XBP1, BCL2, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, AGO4, 
ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, AFF2, STAB2, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, 
PKNOX1, MAPK13, ZBTB4, KDM8, NEUROD2, TMTC3, TP53INP2, TOB2, LRP4, TP53INP1, NCBP2, RNASEL, PSTK, XPO5, CBX3, JAG1, MAF1, NLRC5, WNT1, 
PTGIS, OLIG3, MYOCD, ANK2, MDFIC, ANK3, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, IRS1, 
PKIA, FOXN3, UCN2, IGSF1, CELF6, TRIM32, CELF3, NFE2L1, RELN, GLP1R, CAMTA1, TSHZ2, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, 
FOXQ1, OVOL2, CNOT6L, RNF165, ITGB8, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, RNPS1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, 
PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, PRKAG1, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, RSPO1, 
KLHL25, PCBP4, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, MSANTD1, PADI2, PRKCH, LEF1, CDK6, 
EDAR, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, CNTN2, MYRF, MDM4, JMJD1C, CUX1, CALCR, ABLIM1, KMT2D, FRK, ING3, ABLIM3, 
CTNND2, PPP3R1, PPM1A, CTNND1, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, TNRC6B, INPP5B, CHD3, PIK3R2, CREB1, ASIC2, CREB5, SIRT6, SIRT1, 
ATXN7L3, SP2, RPL13A, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.210361514 0.504966158 0.003342635 0.182984517 
GO:0010638~positive regulation of 
organelle organization 
76 5.571847507 9.34E-05 
SYT1, CRNKL1, SLC6A1, WASF1, DPH6, VPS37B, PEX3, FES, ATG5, NMUR1, MAPT, GATA3, PAX7, RTF1, VPS4A, TGFA, PLCB1, ZDHHC8, TP53, CHST3, PRKCE, 
CDKL2, ZCCHC17, PRKD1, PRKCQ, SERPINF2, VEGFA, SURF4, PDGFRB, PLA2G6, ATPIF1, TREM1, CAV3, HOXA13, DRD2, ABLIM3, ATG13, CALCOCO2, HK1, 
LMAN1, SRC, NR2C2, RIMS3, SLX4, CALCB, MOAP1, GMIP, MPV17L2, XBP1, CNOT6L, BCL6, TNKS, BMF, ELMOD1, SYNPO, ASXL2, DNM1L, NOS1, MAP2K1, 
SWAP70, MAP1A, MET, SMAD4, LRRC46, MSTN, FOXP3, SIRT1, MARCH5, KCNK3, FAM131B, GMFB, RPS6KA4, PHF19, OBFC1, KCNN3, MEX3C 
1.570198721 0.509788452 0.003373058 0.185529698 
GO:1903169~regulation of calcium ion 
transmembrane transport 
16 1.173020528 9.36E-05 CAV3, JPH3, NOS1AP, DRD2, CACNB1, CACNB3, FKBP1A, ATP1A2, FKBP1B, CRHR1, ANK2, PLCG1, PLN, PDE4B, AKAP6, PLA2G6 3.227630705 0.510482172 0.003363831 0.185897893 
GO:0032774~RNA biosynthetic process 259 18.98826979 9.75E-05 
RORA, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, MTF1, HNF4A, 
SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, 
CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, 
TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, POLR2F, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, 
MLLT1, BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, PPP1R10, ZFP2, ATMIN, TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, 
PHF19, PKNOX1, DKK1, MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, ATG5, 
MYOCD, MDFIC, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, ELL2, IGSF1, TRIM32, 
NFE2L1, RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, 
NR4A2, HACE1, WHSC1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, 
CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, 
PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, 
PPP3R1, PPM1A, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, PIK3R2, CHD3, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, 
IRF4, RNF41 
1.236621823 0.524974117 0.00348867 0.193710918 
 201 
GO:0032990~cell part morphogenesis 86 6.304985337 1.05E-04 
NRP2, SYT1, SRCIN1, WASF1, MBP, VCL, GP5, ANK3, UNC5A, MAPT, GATA3, SEMA3E, EEF2K, CNTNAP1, LRRC55, LGI1, DISC1, RAB21, PID1, RBFOX2, DBNL, 
DAB2IP, PTPRM, EFNB3, EFNB1, COL25A1, NUMBL, BBS1, MAP4K4, SLITRK4, SEMA4F, MCIDAS, FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, STMN1, 
CUX1, MAP3K14, PARVA, SRGAP2, ABLIM1, DRD2, ABLIM3, ONECUT2, CTNND2, DAG1, ULK4, NRN1, SRC, EPHB2, ALCAM, NPTX1, PVRL1, RNF165, BCL2, 
BCL11B, PVRL2, NFATC4, NEDD4L, TBC1D30, DCX, TLX2, CSF1R, DIXDC1, PTPRD, DNM1L, MAP2K1, CREB1, MET, NR4A2, SMAD4, DPYSL4, GAS1, ATMIN, 
RAPH1, FOXP1, CORO1C, EPHA4, SEMA6A, NOTCH1, MARCKS, EVI5L, LRP4 
1.515889664 0.552389354 0.003749176 0.209164189 
GO:0007169~transmembrane receptor 
protein tyrosine kinase signaling pathway 56 4.105571848 1.06E-04 
NRP2, NDST1, FGFRL1, SNCA, RHOQ, FES, SHKBP1, SLC2A8, WNT1, FAM83A, GATA3, GAB1, TGFA, PLCB1, PAG1, PID1, RET, DAB2IP, SOGA1, EFNB3, EFNB1, 
PTPRR, SOCS7, FGF23, SOCS4, IRS1, PRKCB, PRKD1, PRKCQ, VEGFA, PDGFRA, PDGFRB, FRK, EPHA10, KIT, SRC, EPHB2, XBP1, FAT4, GIGYF1, PIK3R2, CSF1R, 
CAMLG, MYO1C, MET, MSTN, HGF, SIRT1, EPHA4, CDH13, PRLR, PLCG1, NEDD4, ATXN7, AREG, IGFBP3 
1.708745667 0.553007513 0.003738175 0.209523413 
GO:2000648~positive regulation of stem 
cell proliferation 
17 1.246334311 1.08E-04 DRD2, TAF4B, KITLG, SIRT6, GAS1, IRS1, FOXP1, MYCN, FOXP2, NOTCH1, FOXG1, FBXW4, VEGFA, ATXN1L, MYC, DISC1, THPO 3.048317888 0.56203385 0.00381499 0.214826004 
GO:2000021~regulation of ion 
homeostasis 
30 2.19941349 1.09E-04 CAV3, JPH3, DRD2, LHCGR, SNCA, FKBP1A, CXCL11, FKBP1B, SRC, CXCL10, TPCN2, CALCA, ANK2, ATG5, ANK3, BCL2, MS4A2, SLC30A3, NEDD4L, SLC30A6, 
SCN2B, CFTR, PRKCE, PRKD1, PLCG1, PLN, AKAP6, HTR2C, GLP1R, HTR2A 
2.178650726 0.563295607 0.003810687 0.215575903 
GO:0097659~nucleic acid-templated 
transcription 
256 18.76832845 1.12E-04 
RORA, DDX17, CRY2, WDR77, MED27, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, TAF4B, YY1, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, MTF1, HNF4A, 
SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, 
KLF6, BMP3, ESRRA, MAP2K1, SMAD4, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, CSRNP3, TRPS1, 
JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, 
SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, POLR2F, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, 
BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, PPP1R10, ZFP2, ATMIN, TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, 
PKNOX1, DKK1, MAPK13, KDM8, ZBTB4, NEUROD2, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, MDFIC, 
GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, ELL2, IGSF1, TRIM32, NFE2L1, RELN, 
GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, 
WHSC1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, 
PDCD4, LGR4, TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, PRKCH, 
LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, 
PPM1A, CTCFL, CALCA, RGMB, POU2F1, NFATC4, PIK3R2, CHD3, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.236113887 0.573011016 0.003896047 0.221423491 
GO:0001932~regulation of protein 
phosphorylation 124 9.090909091 1.13E-04 
SRCIN1, CTDSPL, SNCA, LPAR2, S1PR2, WNT1, MYOCD, MDFIC, GAB1, RRAS, CTDSP2, SPRED1, PID1, DAB2IP, RET, PTPRR, FGF23, SOCS4, PKIA, MAP4K4, 
HNF4A, RELT, GPR55, SERPINF2, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CLIP3, CAV3, SNX9, GCNT2, GNAI2, STRAP, DRD2, DAG1, ULK4, BDKRB2, SRC, 
ACE, ECE1, AXIN2, CSF1R, DIXDC1, UNC119, BMP3, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, CORO1C, CDKN1C, EPHA4, HDAC1, AKTIP, MARCKS, 
BMP8B, KLF4, OPRM1, PDCD4, CCNE2, RSPO1, EEF2K, LTF, TGFA, PLCB1, AGAP2, IRAK2, CCDC88A, TP53, IL6R, PRKCE, MYADM, PRKD1, INHBB, ACVR2B, 
CCND1, MAP3K15, KSR2, UBE2K, WNT9B, SEMA4C, PLA2G6, KSR1, NSD1, ZMYND11, RTN4RL1, CCR1, ATG13, KITLG, CTNND1, FKBP1A, BCCIP, KIT, CALCA, 
CCL22, ACSL1, XBP1, BCL2, MARVELD3, MLLT1, THPO, EHD4, NOS1, MID1, SIRT1, BRAT1, TP73, PPP1R9B, DUSP4, RPS6KA4, DKK1, PRLR, IRF1, SMPD1, 
IGFBP3, HTR2C, LRP4, RNF41, HTR2A 
1.395056494 0.57861606 0.003938393 0.224857767 
GO:0098810~neurotransmitter reuptake 7 0.513196481 1.18E-04 RAB3B, DRD2, SLC6A3, TOR1A, SNCA, PER2, NAT8L 7.820797478 0.593229638 0.004080319 0.23403052 
GO:0006325~chromatin organization 69 5.058651026 1.21E-04 
HNF1A, ARID4A, SNCA, ARID4B, NAP1L1, NAP1L5, JADE2, PRMT2, BRPF3, ATG5, MYOCD, GATA3, PAX7, RTF1, ANP32A, ACTR8, MYC, KDM5D, KMT5B, 
TBL1XR1, KDM7A, SATB1, SATB2, ANP32B, MTA2, TP53, LEF1, PADI2, PRKCB, PRKD1, NCOA1, UHRF2, VEGFA, JMJD1C, NSD1, CLOCK, SUPT6H, KMT2D, 
ING3, TNRC18, CTCFL, NAA50, XBP1, PER2, CHD1, GATAD2B, BCL6, BAZ2A, CHD3, ASXL2, NOS1, TAF5, SMAD4, TNP1, WHSC1, SIRT6, FOXP3, SIRT1, 
ATXN7L3, MSL2, RPS6KA4, PHF19, HDAC1, CDAN1, TRPS1, ATXN7, KDM8, KDM4C, IRF4 
1.598372143 0.602910851 0.00417044 0.240290116 
GO:1904062~regulation of cation 
transmembrane transport 27 1.979472141 1.22E-04 
CAV3, FXYD2, JPH3, DRD2, CACNB1, CACNB3, FKBP1A, FKBP1B, KCNS2, ANK2, ANK3, PDE4B, NEDD4L, SLC31A2, NOS1, NOS1AP, SCN2B, ASIC2, OXSR1, 
ATP1A2, CRHR1, PLCG1, NEDD4, PLN, AKAP6, PLA2G6, VAMP2 2.279983318 0.604820535 0.004173318 0.241542821 
GO:0010256~endomembrane system 
organization 
57 4.17888563 1.24E-04 
PPP2R5A, RHOQ, PIP5K1A, HOOK3, KIF13A, ANK2, ANK3, RAB29, VPS4A, ALS2CL, PID1, ROCK1, FLOT2, MYADM, VTI1A, BBS1, PRKD1, LYST, SURF4, UBL4A, 
MYRF, CLIP3, VAMP2, PACS1, CALCR, CAV3, SNX9, USP8, PPFIA1, PPIL2, LMAN1, ZDHHC23, RAB43, TSPAN33, FAT4, TMEM33, STX17, PVRL2, TOR1A, 
SEC16A, GOLPH3L, LYPLAL1, FCHO2, SEC61A1, PIK3R2, GPR158, CNST, MAP2K1, CREB1, LMNA, TSPAN14, HACE1, CRB3, TMBIM1, COG3, PPP1R9B, AKTIP 
1.689565869 0.611289619 0.004228348 0.245831711 
GO:2000112~regulation of cellular 
macromolecule biosynthetic process 
275 20.16129032 1.25E-04 
RORA, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, OGFOD1, MED19, UHRF2, MTF1, 
HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, PDGFRA, PDGFRB, TGIF2, ATXN1L, SUPT6H, GATC, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, 
TAL2, PLAGL1, TNKS, NAT10, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, KLF17, MSTN, SKI, HGF, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, 
NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, AREG, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB2, CPEB3, 
PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MYCN, FOXR2, MXD4, CCND1, NSD1, CLOCK, ZMYND11, 
SCML2, KIT, MPV17L2, XBP1, BCL2, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, AGO4, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, ZFP2, ATMIN, 
TMPRSS6, SNAI1, TRIM21, TP73, PREB, CDH13, RPS6KA4, PHF19, PKNOX1, DKK1, MAPK13, OBFC1, ZBTB4, KDM8, NEUROD2, SVIP, TP53INP2, LRP4, 
TP53INP1, NCBP2, RNASEL, PSTK, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, MDFIC, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, 
SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, IRS1, PKIA, FOXN3, IGSF1, TRIM32, NFE2L1, RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, 
LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, CNOT6L, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, FOXP3, TRIM62, FOXP1, FOXP2, 
CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, 
KLHL25, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, CCDC88A, FOXJ2, PADI2, PRKCH, LEF1, DDN, PURB, 
NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, CTCFL, 
KITLG, CALCA, RGMB, POU2F1, NFATC4, CHD3, PIK3R2, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, RPL13A, CDAN1, ATXN7, HEYL, IRF1, KDM4C, IRF4, 
RNF41 
1.2218394 0.614568446 0.004247168 0.248032781 
GO:0072006~nephron development 24 1.759530792 1.27E-04 
COL4A4, RET, PGF, PODXL, SMAD4, CTNND1, DLL1, JAG1, CALB1, LGR4, WNT2B, HS2ST1, NOTCH3, WNT1, NOTCH1, FAT4, BCL2, GATA3, HEYL, VEGFA, 
PDGFRA, WNT9B, PDGFRB, MYC 2.420723029 0.620771673 0.004300136 0.252248561 
GO:0061061~muscle structure 
development 
67 4.91202346 1.34E-04 
FGFRL1, TNFSF14, ZEB1, RORA, CXCL10, WNT1, DDX17, ATG5, MYOCD, ANK2, PAX7, MKX, RARB, PLCB1, JPH1, MYC, KMT5B, FLOT2, LEF1, FOXN2, DLL1, 
MYH9, ANKRD23, XIRP1, TRIM32, VEGFA, SEMA4C, PDGFRA, PDGFRB, AKAP6, NEK5, CAV3, PPP2R3A, FKBP1A, MYT1, NR2C2, PLAGL1, XBP1, SPEG, RNF165, 
BCL2, BCL9L, NFATC4, CSF1R, CREB1, MET, AK3, LMNA, MSTN, KY, SKI, SIRT6, RCAN1, CACNA2D2, TP73, FOXP1, FOXP2, ZBTB42, NOTCH1, DKK1, HDAC1, 
MYPN, SVIL, HEYL, TMOD2, TMTC3, IGFBP3 
1.605826168 0.640716474 0.004519153 0.266285012 
GO:0007423~sensory organ development 66 4.838709677 1.38E-04 
RHOJ, MITF, JAG1, ZEB1, CALB1, WNT1, ATG5, GATA3, SLC25A27, RARB, CASP2, MYC, TWIST2, SH3PXD2B, RET, PTPRM, ANP32B, YY1, SDK2, SIX3, LEF1, 
DLL1, GRHL2, MYCN, RAB11FIP4, MFN2, ACVR2B, CLIC5, FOXG1, VEGFA, PDGFRA, PDGFRB, TGIF2, CUX1, FZR1, PPP2R3A, HOXA13, TH, LRIG1, NHS, EPHB2, 
ECE1, LPCAT1, PVRL1, FAT3, FAT4, BCL2, BCL11B, MYO15A, POU2F1, SLC4A7, GPD2, ABR, SKI, GAS1, COL5A2, KCNK3, FOXP2, CDKN1C, NOTCH2, NOTCH1, 
PKNOX1, HDAC1, BNC2, FOXI1, KLF4 
1.611103058 0.652455377 0.004644959 0.274914474 
GO:0046879~hormone secretion 42 3.079178886 1.40E-04 
HNF1A, DRD2, ADCY5, PPARG, SOX4, SYT9, ILDR2, SNX4, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, CRY2, GATA3, PER2, NOS1, CREB1, IL1RN, SMAD4, FGF23, 
CFTR, PFKM, PRKCE, PCLO, IRS1, SIRT1, CRHR1, INHBB, MAP4K4, MYRIP, ACVR2B, UCN2, DGAT1, HDAC1, HNF4A, PLA2G6, CACNA1E, VAMP2, HTR2C, 
CLOCK, GLP1R 
1.865511325 0.656103511 0.004670701 0.277655574 
GO:0097485~neuron projection guidance 30 2.19941349 1.42E-04 NRP2, ABLIM1, DAG1, EPHB2, ALCAM, PVRL1, RNF165, UNC5A, ANK3, GATA3, BCL11B, SEMA3E, LGI1, CSF1R, PTPRM, EFNB3, EFNB1, SMAD4, DPYSL4, 2.146453917 0.660646936 0.004708158 0.28111021 
 202 
GAS1, FOXP1, EPHA4, SEMA6A, SEMA4F, FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN 
GO:0009914~hormone transport 43 3.152492669 1.42E-04 
HNF1A, DRD2, ADCY5, PPARG, SOX4, SYT9, ILDR2, SNX4, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, CRY2, GATA3, PER2, NOS1, CREB1, IL1RN, SMAD4, FGF23, 
CFTR, PFKM, PRKCE, PCLO, IRS1, SIRT1, CRHR1, INHBB, SLC16A2, MAP4K4, MYRIP, ACVR2B, UCN2, DGAT1, HDAC1, HNF4A, PLA2G6, CACNA1E, VAMP2, 
HTR2C, CLOCK, GLP1R 
1.847770833 0.662601706 0.004712735 0.282610754 
GO:1903530~regulation of secretion by 
cell 
74 5.425219941 1.43E-04 
OPRM1, SYT1, KCNC3, HNF1A, CHMP3, SRCIN1, VTCN1, ADCY5, SNCA, PPARG, SYT9, ILDR1, FES, SIDT2, LGR4, SLC16A1, CRY2, ATG5, TRIM9, GATA3, VPS4A, 
MS4A2, LGI3, PLCB1, RAB21, STX1A, FGF23, CFTR, PFKM, PRKCE, IRS1, PCLO, PRKCB, CRHR1, INHBB, PRKCQ, MAP4K4, MYRIP, UCN2, HNF4A, GRM7, 
PLA2G6, VAMP2, GLP1R, CLOCK, RAB3B, DRD2, KCNA2, SOX4, SNX4, MYT1, FKBP1B, RIMS4, SRC, RIMS3, XBP1, GOLPH3L, SYN2, PER2, CSF1R, DNM1L, 
NOS1, ABR, CREB1, IL1RN, SMAD4, FOXP3, SIRT1, FOXP1, NOTCH1, HDAC1, CACNA1E, HTR2C, HTR2A 
1.559943432 0.664758712 0.004720015 0.284276638 
GO:0042063~gliogenesis 38 2.785923754 1.44E-04 GFAP, SYNJ1, PPARG, DAG1, NAP1L1, PPP3R1, SOX4, LIN28A, KCNQ3, BCL2, DCX, MYC, DISC1, PLAG1, DAB2IP, MAP2K1, CREB1, MET, SOCS7, LEF1, PRKCH, 
DLL1, SKI, CDK6, TP73, MYCN, EPHA4, DLX1, NOTCH1, HDAC1, FOXG1, CNTN2, MYRF, PDGFRA, RELN, ADAM22, AREG, SRGAP2 
1.936578423 0.665631031 0.004710895 0.284953378 
GO:0046883~regulation of hormone 
secretion 
37 2.712609971 1.49E-04 HNF1A, DRD2, ADCY5, PPARG, SYT9, SOX4, SNX4, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, CRY2, PER2, NOS1, CREB1, SMAD4, FGF23, CFTR, PFKM, PRKCE, 
IRS1, SIRT1, CRHR1, INHBB, MAP4K4, MYRIP, UCN2, HDAC1, HNF4A, PLA2G6, CACNA1E, VAMP2, HTR2C, CLOCK, GLP1R, HTR2A 
1.954183681 0.678358174 0.004856481 0.29503244 
GO:0032410~negative regulation of 
transporter activity 
14 1.026392962 1.49E-04 CAV3, CTTNBP2NL, DRD2, SNCA, FKBP1A, ATP1A2, OXSR1, FKBP1B, CRHR1, ANK3, NEDD4, PLN, GRK6, NEDD4L 3.446453126 0.679657331 0.004852989 0.296083576 
GO:0009416~response to light stimulus 39 2.859237537 1.59E-04 DRD2, CRTC1, TH, PPARG, HMGCS1, KIT, NETO1, CRY2, AP1S2, BEST1, BCL2, NFATC4, MYC, B4GALT2, HYAL3, CREB1, YY1, TP53, ASIC2, ATP1A2, USF1, 
SIRT1, TP73, CDC25A, CRHR1, RDH11, PPP1R9B, CCND1, EI24, XPC, UACA, RPL13A, NEDD4, TRIM32, CACNA1E, MFAP4, CLOCK, TP53INP1, OPN4 
1.907236326 0.703624455 0.005161645 0.316277608 
GO:0010556~regulation of macromolecule 
biosynthetic process 282 20.6744868 1.62E-04 
RORA, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, OGFOD1, MED19, UHRF2, MTF1, 
HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, PDGFRA, PDGFRB, TGIF2, ATXN1L, SUPT6H, GATC, SUCO, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, 
MYT1, TAL2, PLAGL1, TNKS, NAT10, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, HGF, UBP1, USF1, SFMBT2, ZBTB42, 
NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, AREG, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, CPEB2, 
CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MXD4, MYCN, FOXR2, INHBB, CCND1, PLA2G6, 
NSD1, CLOCK, ZMYND11, SCML2, KIT, MPV17L2, XBP1, BCL2, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, AGO4, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, 
LMNA, TNP1, MARCH8, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, OBFC1, ZBTB4, KDM8, 
NEUROD2, SVIP, TP53INP2, LRP4, TP53INP1, NCBP2, RNASEL, PSTK, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, MDFIC, GATA3, TGS1, 
SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, IRS1, PKIA, FOXN3, IGSF1, TRIM32, NFE2L1, RELN, GLP1R, CAMTA1, 
DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, CNOT6L, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, 
FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, 
TMEM173, MAZ, PRMT2, KLHL25, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, CCDC88A, FOXJ2, PADI2, 
PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, 
PPP3R1, PPM1A, CTCFL, KITLG, CALCA, RGMB, POU2F1, CHD1, NFATC4, INPP5D, CHD3, PIK3R2, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, RPL13A, 
CDAN1, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.213589145 0.710257392 0.005235241 0.322154633 
GO:0048858~cell projection 
morphogenesis 
83 6.085043988 1.78E-04 
NRP2, SYT1, SRCIN1, WASF1, MBP, VCL, GP5, ANK3, UNC5A, MAPT, GATA3, SEMA3E, EEF2K, CNTNAP1, LRRC55, LGI1, DISC1, RAB21, RBFOX2, DBNL, 
DAB2IP, PTPRM, EFNB3, EFNB1, COL25A1, NUMBL, BBS1, MAP4K4, SLITRK4, SEMA4F, MCIDAS, FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, STMN1, 
CUX1, MAP3K14, PARVA, SRGAP2, ABLIM1, DRD2, ABLIM3, ONECUT2, CTNND2, DAG1, ULK4, NRN1, SRC, EPHB2, ALCAM, NPTX1, PVRL1, RNF165, BCL2, 
BCL11B, NFATC4, NEDD4L, TBC1D30, DCX, TLX2, CSF1R, DIXDC1, PTPRD, MAP2K1, CREB1, MET, NR4A2, SMAD4, DPYSL4, GAS1, ATMIN, RAPH1, FOXP1, 
CORO1C, EPHA4, SEMA6A, NOTCH1, MARCKS, EVI5L, LRP4 
1.505018812 0.743281414 0.005721019 0.353569647 
GO:0007178~transmembrane receptor 
protein serine/threonine kinase signaling 
pathway 
41 3.005865103 1.79E-04 
CAV3, HNF1A, GCNT2, HOXA13, FUT8, STRAP, ONECUT2, PPM1A, FKBP1A, ZEB1, GREM2, SRC, WNT1, RGMB, JADE2, PEG10, MYOCD, RNF165, BCL9L, 
BMP3, NCEH1, CREB1, SMAD4, TP53, LEF1, MSTN, SKI, TMPRSS6, SIRT1, INHBB, CDKN1C, NOTCH2, ACVR2B, NOTCH1, DKK1, HNF4A, TRPS1, TGIF2, LRP4, 
BMP8B, BTBD11 
1.860930828 0.744868074 0.00572295 0.355178837 
GO:0006811~ion transport 139 10.19061584 1.81E-04 
CALHM1, TUSC3, KCNC3, SLC6A1, SLC22A12, SLC6A3, SNCA, LHCGR, CXCL11, SLC7A6, CXCL10, SLC2A8, SLC16A1, CRY2, ANK2, ATG5, ANK3, PDE4B, 
SERPINE1, MS4A2, LRRC55, GRID1, GJD3, SCN2B, FGF23, MYH9, CRHR1, PNPLA8, PDGFRB, AKAP6, RELN, STC1, SLC38A1, VAMP2, ADD2, GLP1R, NETO2, 
CAV3, SLC2A13, FXYD2, SCN1A, GNAI2, NFKBIE, DRD2, KCNA2, CACNB1, CACNB3, SNX4, SFXN2, BDKRB2, ORAI3, SLCO2A1, ACE, KCNS2, PVRL1, SERINC1, 
SLC30A3, SLC31A2, HCN3, SLC30A6, GABRA3, IL1RN, SLC6A14, SLC6A17, OXSR1, ATP13A3, CACNA2D2, KCNK3, UCP3, PLCG1, SLC7A2, NEDD4, KCNJ8, 
GRK6, CACNA1E, NAT8L, OPRM1, SLC16A14, JPH3, HNF1A, GLRA3, PPARG, PEX3, UQCRQ, TMEM109, KCNQ3, NMUR1, MYC, GABRG3, NOS1AP, SLC7A10, 
CACNG4, CFTR, CACNG2, PRKCE, PRKCB, PRKD1, MAGT1, BSPRY, GRM7, CLIC5, SLC26A9, KCNH7, PLA2G6, PCYOX1, SLC27A4, RAB3B, ABCD1, CCR1, HK1, 
FKBP1A, FKBP1B, TPCN2, CALCA, ACSL1, BEST1, XBP1, BCL2, SLC39A9, TOR1A, PER2, SLC4A7, SCNN1G, NEDD4L, SLCO3A1, ACSL4, NOS1, GNAO1, SLC12A2, 
ASIC2, ATP1A2, SLC10A2, SLC16A2, KCNN3, PLN, ATP6V1E1, HTR2C, SCN4A, HTR2A 
1.349520726 0.749412777 0.005773845 0.359843919 
GO:0072657~protein localization to 
membrane 
46 3.372434018 1.86E-04 
PACS1, CALCR, CAV3, PPP2R5A, GLRA3, PPIL2, PPFIA1, CACNB1, RHOQ, PIP5K1A, PEX3, KIF13A, ZDHHC23, MOAP1, TSPAN33, ANK2, ANK3, RAB29, CHM, 
DLG3, LYPLAL1, FCHO2, SEC61A1, PIK3R2, SH3PXD2B, PID1, GPR158, CNST, ROCK1, MYO1C, NRXN2, FLOT2, TSPAN14, CRB3, SRPRA, TMBIM1, ARHGEF9, 
MYADM, BBS1, PPP1R9B, ATG4B, UBL4A, RELN, CLIP3, VAMP2, LRP4 
1.781652149 0.757901391 0.005892612 0.368787912 
GO:0060402~calcium ion transport into 
cytosol 22 1.612903226 1.87E-04 
JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, PRKD1, CALCA, ATG5, PLCG1, ANK2, PLN, BCL2, AKAP6, MS4A2, HTR2C, 
GLP1R, HTR2A 2.477018913 0.760274509 0.005908867 0.371344326 
GO:0071482~cellular response to light 
stimulus 17 1.246334311 1.95E-04 HYAL3, YY1, TP53, SIRT1, CDC25A, TP73, PPP1R9B, RDH11, EI24, XPC, NEDD4, RPL13A, NFATC4, MFAP4, MYC, OPN4, TP53INP1 2.904867635 0.774964787 0.006144263 0.387754027 
GO:0030855~epithelial cell differentiation 67 4.91202346 1.96E-04 
ARID4A, MITF, ARID4B, PPARG, ZEB1, JAG1, SIDT2, S1PR2, WNT1, S1PR3, GATA3, WDR77, RARB, FNDC3B, ROCK1, SIX3, LEF1, PRKCH, CDK6, DLL1, MYADM, 
GRHL2, MYCN, CRHR1, ACVR2B, CCND1, VSIG1, TAGLN, MCIDAS, CLIC5, VEGFA, WNT9B, STC1, JMJD1C, CUX1, CLOCK, FZR1, HOXA13, TFCP2L1, ONECUT2, 
PPP3R1, SOX4, KITLG, CTNND1, BCCIP, KIT, PPP1R16B, OVOL2, XBP1, FAT4, BCL2, BCL11B, SLC4A7, TMEM79, MUC2, CAPN5, MAP2K1, CREB1, PODXL, 
MET, SMAD4, FOXP1, NOTCH1, PRLR, HDAC1, KLF4, NCOR2 
1.584903351 0.77630185 0.006143429 0.389300282 
GO:0019438~aromatic compound 
biosynthetic process 
289 21.18768328 1.99E-04 
ADCY5, SNCA, LHCGR, RORA, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, CRHR1, 
MED19, UHRF2, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MC2R, MNT, PDGFRB, TGIF2, ATPIF1, ATXN1L, SUPT6H, ALDOA, TNRC18, HOXA13, 
CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, HGF, UBP1, USF1, 
SFMBT2, ZBTB42, NOTCH3, NOTCH2, ZFHX4, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, OPRM1, CREBRF, 
HNF1A, CPEB3, PPARG, MITF, ZEB1, ANP32A, GUCY1A3, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MXD4, MYCN, FOXR2, CCND1, 
ADK, GRM7, NSD1, CLOCK, ZMYND11, POLR2F, SCML2, TH, KIT, GCH1, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, 
SHMT1, NOS1, LMNA, TNP1, PPP1R10, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, OBFC1, 
ZBTB4, KDM8, NEUROD2, HTR2C, TP53INP2, LRP4, TP53INP1, RNASEL, SLC6A3, CBX3, JAG1, MAF1, PNP, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, ATG5, 
MDFIC, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, PDXK, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, ELL2, UCN2, IGSF1, 
TRIM32, AKAP6, NFE2L1, RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, ECE1, OVOL2, RNF165, OVOL1, 
TFDP2, AXIN2, TAF5, MET, NR4A2, AK3, HACE1, WHSC1, AK4, FOXP3, TRIM62, FOXP1, AK9, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, 
POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, 
KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, 
1.206534559 0.780278675 0.00619139 0.393954386 
 203 
CALCR, ABLIM1, FRK, KMT2D, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, UCK2, CHD3, PIK3R2, CREB1, 
CREB5, SIRT6, AMPD2, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
GO:0009894~regulation of catabolic 
process 79 5.791788856 2.02E-04 
CREBRF, DYNC1LI1, CRNKL1, SLC6A1, CPEB3, SNCA, PEX3, CBFA2T3, WNT1, ATG5, MAPT, AGAP2, MYC, DISC1, DAB2IP, ANKS1A, SOGA1, ZDHHC8, TP53, 
CHST3, SOCS4, PRKCE, IRS1, ZCCHC17, PSME1, UBE2K, ATG4B, TRIM32, PSME3, ATPIF1, MDM4, TREM1, RAD23B, SNX9, FZR1, PPP2R3A, PFKFB3, ATG13, 
CALCOCO2, HK1, SF3B3, NR2C2, RIMS3, TPCN2, OAZ2, CALCB, AMER1, TRIM67, GMIP, LPCAT1, XBP1, BCL2, IDH1, PAFAH1B2, NEDD4L, TNRC6B, PIK3R2, 
DNM1L, MAP2K1, MAP1A, SMAD4, CDC23, MSTN, SIRT6, SIRT1, TRIM21, KCNK3, SGTA, FAM131B, TBC1D25, HSPBP1, NEDD4, MEX3C, DNAJB2, SVIP, 
IGFBP3, TP53INP2, TP53INP1, HTR2A 
1.517754915 0.785855556 0.00627048 0.400624572 
GO:0001667~ameboidal-type cell 
migration 41 3.005865103 2.05E-04 
NRP2, ARSB, STRAP, KITLG, PIP5K1A, KIT, AMOTL1, SRC, CALCA, OVOL2, GATA3, MARVELD3, SERPINE1, SEMA3E, FAT2, CAP1, ARHGDIB, DAB2IP, RET, 
PTPRM, TMEM201, EFNB1, MET, PTPRR, LEF1, MYH9, PRKCE, FOXP1, PRKD1, CORO1C, CDH13, SEMA6A, NOTCH1, PLCG1, SEMA4F, VEGFA, SEMA4C, 
SEMA4B, STC1, KLF4, SRGAP2 
1.849372252 0.790013116 0.006324268 0.405710902 
GO:0060401~cytosolic calcium ion 
transport 
22 1.612903226 2.09E-04 JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, PRKD1, CALCA, ATG5, PLCG1, ANK2, PLN, BCL2, AKAP6, MS4A2, HTR2C, 
GLP1R, HTR2A 
2.457964922 0.797132181 0.006437492 0.414658172 
GO:0032845~negative regulation of 
homeostatic process 
27 1.979472141 2.14E-04 CLDN18, JPH3, DRD2, LHCGR, SNCA, KITLG, FKBP1A, CXCL11, FKBP1B, SRC, CXCL10, TPCN2, CALCA, ANK2, BCL2, NAT10, TNKS, INPP5D, PRKCE, MAP4K4, 
PLCG1, PLN, VEGFA, AKAP6, HTR2C, GLP1R, HTR2A 
2.203129948 0.804829804 0.006566584 0.424692001 
GO:0035924~cellular response to vascular 
endothelial growth factor stimulus 
11 0.806451613 2.31E-04 NRP2, PRKD1, DAB2IP, NOTCH1, MYO1C, XBP1, VEGFA, PDGFRA, PDGFRB, DLL1, GAS1 4.096608203 0.82786246 0.007041204 0.457258544 
GO:0071363~cellular response to growth 
factor stimulus 67 4.91202346 2.32E-04 
NRP2, CRNKL1, NDST1, SNCA, FGFRL1, ZEB1, WNT1, MYOCD, GATA3, SERPINE1, EEF2K, MYC, DAB2IP, TP53, FGF23, LEF1, DLL1, PRKCE, IRS1, PRKCB, PRKD1, 
ACVR2B, VEGFA, PDGFRA, PDGFRB, CAV3, GCNT2, RAP1GAP, HOXA13, FUT8, STRAP, TH, ONECUT2, PPM1A, GREM2, SRC, CALCA, PEG10, RGMB, XBP1, 
RNF165, FAT4, BCL9L, EHD4, BMP3, NOS1, MYO1C, CREB1, MET, SMAD4, MSTN, SKI, GAS1, HGF, TMPRSS6, SIRT1, CDKN1C, NOTCH2, PPP1R9B, NOTCH1, 
DKK1, PLCG1, NEDD4, HEYL, LRP4, BMP8B, KLF4 
1.574645077 0.829602056 0.007053482 0.45989219 
GO:0022610~biological adhesion 119 8.724340176 2.35E-04 
PVR, CADM4, SRCIN1, VTCN1, FGFRL1, TNFSF14, RORA, PNP, VCL, WNT1, CD47, GP5, ATG5, ANK3, GATA3, SERPINE1, TGFBI, COL12A1, PAG1, FNDC3B, 
DISC1, SPON1, SATB1, RET, PTPRM, ROCK1, EFNB3, EFNB1, PTPRR, MYH9, GRHL2, FARP2, EGFLAM, VEGFA, PDGFRA, RELN, PLA2G2F, GCNT2, ONECUT2, 
PEAK1, DAG1, ITGA10, SOX4, SRC, ALCAM, COL26A1, PVRL1, ITGB8, PVRL2, MAP2K1, PODXL, IL1RN, DOCK8, FOXP3, FOXP1, CORO1C, NOTCH1, NEDD4, 
PKP4, MARCKS, KLF4, METAP1, BCAN, ZEB1, PIP5K1A, FES, WISP2, HPSE, SEMA3E, LTF, CNTNAP1, NRXN2, FLOT2, SDK2, TP53, LEF1, CDK6, PRKCE, MYADM, 
PRKCQ, ADK, CNTN2, CD99L2, CNTN3, PARVA, SRGAP2, RAP1GAP, CTNND2, KITLG, CTNND1, FKBP1A, KIT, FKBP1B, CALCA, RGMB, CDH9, FAT3, XBP1, FAT4, 
BCL2, BCL11B, TOR1A, FAT2, BCL6, SELPLG, PIK3R2, PTPRD, PLET1, AKIP1, SWAP70, AXL, STAB2, CDH13, PKNOX1, SNED1, IRF1, DSC3, ADGRL1, IRF4 
1.380508181 0.833666193 0.007120974 0.46615107 
GO:0034654~nucleobase-containing 
compound biosynthetic process 
283 20.74780059 2.38E-04 
ADCY5, LHCGR, RORA, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, CRHR1, MED19, 
UHRF2, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MC2R, MNT, PDGFRB, TGIF2, ATXN1L, SUPT6H, ALDOA, TNRC18, HOXA13, CRTC1, TFCP2L1, 
NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, HGF, UBP1, USF1, SFMBT2, ZBTB42, 
NOTCH3, NOTCH2, DLX1, NOTCH1, ZFHX4, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, OPRM1, CREBRF, HNF1A, CPEB3, 
PPARG, MITF, ZEB1, ANP32A, GUCY1A3, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MXD4, MYCN, FOXR2, CCND1, ADK, GRM7, 
NSD1, CLOCK, ZMYND11, POLR2F, SCML2, KIT, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, SHMT1, NOS1, LMNA, 
TNP1, PPP1R10, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, OBFC1, ZBTB4, KDM8, NEUROD2, 
HTR2C, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, PNP, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, ATG5, MDFIC, GATA3, TGS1, SAMD4A, PID1, 
SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, ELL2, UCN2, IGSF1, TRIM32, AKAP6, NFE2L1, RELN, GLP1R, CAMTA1, 
DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, ECE1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, AK3, HACE1, 
WHSC1, AK4, FOXP3, TRIM62, FOXP1, AK9, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, 
CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, 
PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, CALCR, ABLIM1, FRK, KMT2D, ING3, ABLIM3, 
CTNND2, PPP3R1, PPM1A, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, UCK2, CHD3, PIK3R2, CREB1, CREB5, SIRT6, AMPD2, SIRT1, ATXN7L3, SP2, 
ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.205745879 0.836775945 0.007167174 0.471044057 
GO:0007155~cell adhesion 118 8.651026393 2.65E-04 
PVR, CADM4, SRCIN1, VTCN1, FGFRL1, TNFSF14, RORA, PNP, VCL, WNT1, CD47, GP5, ATG5, ANK3, GATA3, SERPINE1, TGFBI, COL12A1, PAG1, FNDC3B, 
DISC1, SPON1, SATB1, RET, PTPRM, ROCK1, EFNB3, EFNB1, PTPRR, MYH9, GRHL2, FARP2, EGFLAM, VEGFA, PDGFRA, RELN, PLA2G2F, GCNT2, ONECUT2, 
PEAK1, DAG1, ITGA10, SOX4, SRC, ALCAM, COL26A1, PVRL1, ITGB8, PVRL2, MAP2K1, PODXL, IL1RN, DOCK8, FOXP3, FOXP1, CORO1C, NOTCH1, NEDD4, 
PKP4, MARCKS, KLF4, METAP1, BCAN, ZEB1, PIP5K1A, FES, WISP2, HPSE, SEMA3E, CNTNAP1, NRXN2, FLOT2, SDK2, TP53, LEF1, CDK6, PRKCE, MYADM, 
PRKCQ, ADK, CNTN2, CD99L2, CNTN3, PARVA, SRGAP2, RAP1GAP, CTNND2, KITLG, CTNND1, FKBP1A, KIT, FKBP1B, CALCA, RGMB, CDH9, FAT3, XBP1, FAT4, 
BCL2, BCL11B, TOR1A, FAT2, BCL6, SELPLG, PIK3R2, PTPRD, PLET1, AKIP1, SWAP70, AXL, STAB2, CDH13, PKNOX1, SNED1, IRF1, DSC3, ADGRL1, IRF4 
1.37992907 0.867305901 0.007951259 0.524715322 
GO:0051046~regulation of secretion 77 5.64516129 2.65E-04 
OPRM1, SYT1, KCNC3, HNF1A, CHMP3, SLC6A1, SRCIN1, VTCN1, ADCY5, SNCA, PPARG, SYT9, ILDR1, FES, SIDT2, LGR4, SLC16A1, CRY2, ATG5, TRIM9, 
GATA3, VPS4A, MS4A2, LGI3, PLCB1, RAB21, STX1A, FGF23, CFTR, PFKM, PRKCE, IRS1, PCLO, PRKCB, CRHR1, INHBB, PRKCQ, MAP4K4, MYRIP, UCN2, HNF4A, 
GRM7, PLA2G6, STC1, VAMP2, GLP1R, CLOCK, RAB3B, DRD2, KCNA2, SOX4, SNX4, MYT1, FKBP1B, RIMS4, SRC, RIMS3, XBP1, GOLPH3L, SYN2, PER2, ACSL4, 
CSF1R, DNM1L, NOS1, ABR, CREB1, IL1RN, SMAD4, FOXP3, SIRT1, FOXP1, NOTCH1, HDAC1, CACNA1E, HTR2C, HTR2A 
1.513361352 0.867651319 0.00793026 0.525390704 
GO:0048864~stem cell development 38 2.785923754 2.65E-04 
NRP2, GCNT2, STRAP, PPP3R1, KITLG, SOX4, JAG1, KIT, LIN28A, HOOK3, OVOL2, BCL2, MED27, RTF1, SEMA3E, BCL9L, AXIN2, DAB2IP, RET, EFNB1, SMAD4, 
ZHX2, LEF1, DLL1, SKI, TRIM62, SNAI1, CORO1C, SEMA6A, NOTCH1, PHF19, SEMA4F, HEYL, WNT9B, SEMA4C, SEMA4B, JMJD1C, KLF4 
1.87729541 0.868061124 0.007911349 0.526194264 
GO:0030072~peptide hormone secretion 34 2.492668622 2.73E-04 
HNF1A, DRD2, ADCY5, PPARG, SYT9, SOX4, ILDR2, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, IL1RN, CFTR, PFKM, PRKCE, PCLO, IRS1, SIRT1, 
CRHR1, INHBB, MAP4K4, MYRIP, ACVR2B, DGAT1, HDAC1, HNF4A, PLA2G6, CACNA1E, HTR2C, CLOCK, GLP1R 
1.959632928 0.875784435 0.008114309 0.541822674 
GO:1902582~single-organism intracellular 
transport 124 9.090909091 2.75E-04 
NCBP2, CHMP3, XPO5, XPO4, SNCA, CHMP7, LHCGR, VPS52, TNFSF14, CXCL11, CXCL10, HOOK3, KIF13A, CRY2, ANK2, ATG5, ANK3, MDFIC, RAB29, MS4A2, 
VPS4A, SAR1A, RAB21, DAB2IP, SIX3, ERGIC1, PKIA, CDKL2, VTI1A, CRHR1, HNF4A, SGSM2, LYST, TBRG1, SURF4, AKAP6, ATPIF1, VAMP2, ERC1, GLP1R, 
PACS1, SNX9, SYVN1, DRD2, COPZ1, CACNB1, DAG1, SOX4, NFKBIA, SNX4, LMAN1, STX17, GOLPH3L, AXIN2, SEC61A1, SLC30A6, RHOBTB3, MYO1C, 
MAP2K1, SMAD4, UACA, UCP3, PLCG1, AKTIP, NEDD4, SPCS2, JPH3, DPH6, AP3S2, PIP5K1A, PEX3, TMEM173, NMUR1, PEX2, MAPT, ANP32B, ZDHHC8, 
TP53, SRPRA, EDAR, PRKCE, MYADM, BBS1, PRKD1, MFN2, PRKCQ, ATG4B, CUX1, CPLX2, ABLIM3, ATG13, BET1, PPP3R1, PPM1A, FKBP1A, KLC2, KIT, 
FKBP1B, TPCN2, CALCA, NPTX1, MOAP1, RAB43, XBP1, BCL2, SEC16A, CHM, BCL6, LYPLAL1, ELMOD1, EHD4, PIK3R2, SPRN, CNST, LRRC46, LMNA, SIRT1, 
COG3, COG6, KCNN3, PLN, SVIP, HTR2C, HTR2A 
1.365441951 0.877078485 0.008123282 0.544535729 
GO:0030316~osteoclast differentiation 16 1.173020528 2.78E-04 ASXL2, CALCR, CLDN18, CCR1, CREB1, MITF, PPARGC1B, FOXP1, SRC, FARP2, CALCA, NOTCH2, GPR55, INPP5D, TOB2, CSF1R 2.941638111 0.879912916 0.008181611 0.550579198 
GO:0051934~catecholamine uptake 
involved in synaptic transmission 6 0.439882698 2.87E-04 RAB3B, DRD2, SLC6A3, TOR1A, SNCA, NAT8L 8.714602904 0.888411877 0.008431209 0.569592118 
GO:0051057~positive regulation of small 
GTPase mediated signal transduction 11 0.806451613 2.89E-04 NOTCH2, MAP2K1, GPR55, RASGRP4, ARPP19, KITLG, SHOC2, PDGFRB, LPAR2, RELN, DGKI 3.994192997 0.889518784 0.008436937 0.57217406 
GO:0060485~mesenchyme development 32 2.346041056 2.89E-04 
NRP2, HNF1A, GCNT2, STRAP, PPP3R1, KITLG, JAG1, AMER1, OVOL2, BCL2, SEMA3E, BCL9L, AXIN2, MYC, RET, DAB2IP, EFNB1, SMAD4, LEF1, TRIM62, 
SNAI1, CORO1C, SEMA6A, NOTCH1, SEMA4F, NEDD4, BNC2, HEYL, SEMA4C, SEMA4B, PDGFRB, MDM4 2.003356989 0.890128013 0.008425756 0.573606163 
GO:0042327~positive regulation of 91 6.671554252 2.96E-04 OPRM1, SRCIN1, SNCA, LPAR2, ITSN1, S1PR2, WNT1, RSPO1, MDFIC, GAB1, LTF, TGFA, PLCB1, AGAP2, MYC, IRAK2, DAB2IP, RET, CCDC88A, TP53, FGF23, 1.450839488 0.895933552 0.008599171 0.587664638 
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phosphorylation IL6R, PRKCE, IRS1, PPARGC1B, PRKD1, INHBB, ACVR2B, CCND1, MAP3K15, KSR2, GPR55, RELT, HNF4A, UBE2K, SERPINF2, VEGFA, PDGFRA, SEMA4C, 
PDGFRB, AKAP6, PLA2G6, RELN, CLIP3, KSR1, SNX9, GCNT2, GNAI2, DRD2, CCR1, ATG13, KITLG, CTNND1, KIT, SRC, CALCA, ACE, CCL22, ACSL1, XBP1, BCL2, 
AXIN2, CSF1R, EHD4, THPO, DIXDC1, BMP3, UNC119, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, MID1, SIRT1, BRAT1, TP73, EPHA4, RPS6KA4, 
PRLR, AKTIP, HDAC1, MARCKS, AREG, IGFBP3, HTR2C, LRP4, BMP8B, HTR2A 
GO:0010821~regulation of mitochondrion 
organization 
40 2.93255132 2.98E-04 
CRNKL1, SLC6A1, DPH6, ABLIM3, ATG13, HK1, PEX3, NR2C2, RIMS3, CALCB, MOAP1, MPV17L2, GMIP, ATG5, NMUR1, BMF, ELMOD1, INF2, PID1, DNM1L, 
MAP2K1, ZDHHC8, MAP1A, LMNA, LRRC46, TP53, CHST3, MSTN, HGF, MARCH5, ZCCHC17, CDKL2, KCNK3, VAT1, FAM131B, KCNN3, MEX3C, PLA2G6, 
ATPIF1, TREM1 
1.83272406 0.89709983 0.0086091 0.590583056 
GO:0051584~regulation of dopamine 
uptake involved in synaptic transmission 
5 0.366568915 2.99E-04 RAB3B, DRD2, TOR1A, SNCA, NAT8L 12.10361514 0.897668098 0.008597427 0.592017026 
GO:0051940~regulation of catecholamine 
uptake involved in synaptic transmission 
5 0.366568915 2.99E-04 RAB3B, DRD2, TOR1A, SNCA, NAT8L 12.10361514 0.897668098 0.008597427 0.592017026 
GO:0043087~regulation of GTPase activity 54 3.958944282 3.01E-04 
CPEB2, PIP5K1A, RASGEF1C, ITSN1, ARHGAP1, PLCB1, AGAP2, ALS2CL, ARHGEF3, DAB2IP, STMN3, RAP1GDS1, PSD3, ARHGEF9, RIC8B, ARHGAP26, FARP2, 
SGSM2, SRGAP2, SNX9, RALGPS2, RALGPS1, RAP1GAP, SIPA1, CYTH4, CCL22, PLEKHG2, GMIP, ARHGAP44, RASGRP4, CHM, BCL6, AXIN2, TBC1D30, RASA4, 
FGD6, FGD3, TBC1D2, ELMOD1, ARHGEF33, GNAO1, ABR, MAP2K1, DOCK9, DOCK8, DGKI, DOCK3, RALGDS, CORO1C, TBC1D25, EPHA4, PKP4, RGS6, EVI5L 
1.658169686 0.899479771 0.008631949 0.596642217 
GO:0019932~second-messenger-
mediated signaling 
29 2.126099707 3.05E-04 OPRM1, ADCY5, LHCGR, MRVI1, PPP3R1, CXCL11, GPR143, FKBP1B, TPCN2, CXCL10, ANK2, NMUR1, GUCY1A3, NFATC4, NOS1, RCAN1, ATP1A2, PCLO, 
CDH13, PPP1R9B, PDE7B, KSR2, PLCG1, PLN, NEUROD2, AKAP6, ADGRL1, HTR2C, GLP1R 
2.085177262 0.902352221 0.008707687 0.604148777 
GO:0007411~axon guidance 29 2.126099707 3.05E-04 NRP2, ABLIM1, DAG1, EPHB2, ALCAM, PVRL1, RNF165, UNC5A, ANK3, GATA3, BCL11B, SEMA3E, LGI1, CSF1R, PTPRM, EFNB3, EFNB1, SMAD4, GAS1, 
FOXP1, EPHA4, SEMA6A, SEMA4F, FOXG1, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN 
2.085177262 0.902352221 0.008707687 0.604148777 
GO:0030001~metal ion transport 81 5.938416422 3.12E-04 
CALHM1, OPRM1, JPH3, KCNC3, TUSC3, LHCGR, SNCA, CXCL11, CXCL10, KCNQ3, ATG5, ANK2, ANK3, NMUR1, PDE4B, SERPINE1, MS4A2, SCN2B, NOS1AP, 
CACNG4, CACNG2, PRKCE, PRKCB, PRKD1, CRHR1, MAGT1, BSPRY, GRM7, PDGFRB, AKAP6, PLA2G6, KCNH7, STC1, SLC38A1, VAMP2, GLP1R, CAV3, FXYD2, 
SCN1A, GNAI2, DRD2, CCR1, KCNA2, CACNB1, FKBP1A, CACNB3, FKBP1B, TPCN2, ORAI3, CALCA, ACE, KCNS2, BEST1, PVRL1, BCL2, SLC39A9, SLC4A7, 
NEDD4L, SLC30A3, SCNN1G, SLC31A2, HCN3, SLC30A6, GNAO1, NOS1, SLC12A2, ASIC2, OXSR1, ATP1A2, SLC10A2, CACNA2D2, KCNK3, PLCG1, KCNJ8, 
NEDD4, KCNN3, PLN, CACNA1E, HTR2C, SCN4A, HTR2A 
1.487321608 0.907444983 0.008874069 0.618015862 
GO:0050803~regulation of synapse 
structure or activity 36 2.639296188 3.15E-04 
CPLX2, GFAP, JPH3, CPEB3, DRD2, CRTC1, SNCA, CTNND2, BCAN, KIT, CALB1, NETO1, EPHB2, SHISA7, PVRL1, LRRTM2, MAPT, EEF2K, GRID2IP, NFATC4, 
DISC1, DAB2IP, NOS1, NCDN, CREB1, ASIC2, CRHR1, SLITRK4, DKK1, NEDD4, CNTN2, NEUROD2, RELN, VAMP2, ADGRL1, LRP4 1.901367906 0.909456733 0.008922373 0.623704512 
GO:0090087~regulation of peptide 
transport 34 2.492668622 3.16E-04 
HNF1A, DRD2, ADCY5, PPARG, PPM1A, TNFSF14, NFKBIA, SYT9, SOX4, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, CFTR, EDAR, PFKM, PRKCE, 
IRS1, SIRT1, INHBB, PRKCQ, MAP4K4, MYRIP, UACA, HDAC1, HNF4A, PLA2G6, CACNA1E, HTR2C, CLOCK, GLP1R 1.944202748 0.91048819 0.008931565 0.626670258 
GO:0015833~peptide transport 40 2.93255132 3.17E-04 
HNF1A, DRD2, ADCY5, PPARG, PPM1A, TNFSF14, NFKBIA, SYT9, SOX4, ILDR2, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, IL1RN, CFTR, EDAR, 
PFKM, PRKCE, PCLO, IRS1, SIRT1, CRHR1, INHBB, PRKCQ, MAP4K4, MYRIP, ACVR2B, DGAT1, UACA, HDAC1, HNF4A, PLA2G6, CACNA1E, HTR2C, CLOCK, 
GLP1R 
1.826960776 0.911199473 0.008927917 0.628735329 
GO:0051480~cytosolic calcium ion 
homeostasis 
37 2.712609971 3.22E-04 
CALCR, OPRM1, CAV3, JPH3, DRD2, CCR1, ADCY5, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, CALB1, FKBP1B, TPCN2, CXCL10, CALCA, ANK2, ATG5, BCL2, 
MS4A2, NOS1, SWAP70, ATP1A2, PRKCE, KCNK3, PRKD1, CRHR1, PLCG1, PLN, PDGFRA, PLA2G6, AKAP6, HTR2C, ADRA1D, GLP1R, HTR2A 
1.879022771 0.914653619 0.009040208 0.639004308 
GO:0014031~mesenchymal cell 
development 
25 1.832844575 3.26E-04 
NRP2, RET, DAB2IP, GCNT2, STRAP, EFNB1, PPP3R1, SMAD4, KITLG, LEF1, JAG1, TRIM62, SNAI1, CORO1C, SEMA6A, NOTCH1, OVOL2, SEMA4F, BCL2, HEYL, 
SEMA3E, SEMA4C, SEMA4B, BCL9L, AXIN2 
2.227659229 0.917245145 0.009119459 0.646984702 
GO:0010508~positive regulation of 
autophagy 
29 2.126099707 3.31E-04 
SLC6A1, CRNKL1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, CALCB, ATG5, GMIP, XBP1, PAFAH1B2, MAP2K1, MAP1A, MSTN, CHST3, ZCCHC17, SIRT1, 
FAM131B, KCNK3, TRIM21, ATG4B, MEX3C, SVIP, ATPIF1, TREM1, TP53INP2, TP53INP1 
2.074905453 0.919998916 0.009209038 0.655742629 
GO:0048167~regulation of synaptic 
plasticity 
26 1.906158358 3.32E-04 
CPLX2, GFAP, JPH3, DRD2, CPEB3, CRTC1, SNCA, CTNND2, BCAN, KIT, CALB1, NETO1, EPHB2, SHISA7, LRRTM2, MAPT, GRID2IP, NFATC4, NOS1, NCDN, 
CREB1, CRHR1, NEUROD2, CNTN2, RELN, VAMP2 
2.182848511 0.920529475 0.009199645 0.657464487 
GO:0044708~single-organism behavior 55 4.032258065 3.45E-04 
OPRM1, JPH3, SLC6A1, CPEB3, SYNJ1, SNCA, CALB1, AP1S2, CHST10, MAPT, CNTNAP2, ABHD12, PLCB1, FOSL1, EFNB3, NRXN2, PRKCE, BBS1, CRHR1, CELF6, 
GRM7, CNTN2, PLA2G6, RELN, GLP1R, SCN1A, DRD2, KCNA2, CRTC1, TH, CTNND2, KIT, NETO1, EPHB2, BCL2, B4GALT2, NOS1, CREB1, IL1RN, MET, NR4A2, 
RCAN1, AFF2, DGKI, ATP1A2, FOXP2, GMFB, EPHA4, PPP1R9B, TMOD2, NEUROD2, CACNA1E, ADAM22, HTR2C, HTR2A 
1.640325666 0.928146075 0.009529288 0.683532284 
GO:1903828~negative regulation of 
cellular protein localization 
22 1.612903226 3.56E-04 PID1, CLDN18, LZTS2, DAB2IP, PPP2R5A, PPFIA1, PPM1A, SOX4, TNFSF14, RHOQ, NFKBIA, TMBIM1, SIRT1, PKIA, UACA, HNF4A, MDFIC, SVIP, LYPLAL1, 
NEDD4L, AXIN2, TP53INP2 
2.366929184 0.933724615 0.009784917 0.704437444 
GO:0022607~cellular component 
assembly 200 14.6627566 3.58E-04 
CALHM1, CHMP3, FASTKD2, FGFRL1, SNCA, SHKBP1, S1PR2, KIF13A, VPS4A, DBNL, GJD3, GBP5, ROCK1, RAP1GDS1, BSN, MYH9, PCLO, FARP2, OGFOD1, 
HNF4A, SERPINF2, MCIDAS, VEGFA, PDGFRA, PDGFRB, ATPIF1, ADD2, ALDOA, TNRC18, CRTC1, DAG1, EPHB2, ACE, PVRL2, ISY1, CDA, TNKS, FCHO2, HIP1, 
MAP2K1, SMAD4, YTHDC1, SKI, PKP4, TMOD2, LIMA1, LZTS2, HNF1A, AP1B1, CRNKL1, WASF1, GLRA3, MITF, SYNJ1, NAP1L1, VPS37B, NAP1L5, TRAPPC6A, 
MAPT, GPX3, EEF2K, TUBB1, SH3PXD2B, STX1A, ANP32B, POGZ, FLOT2, SDK2, KCTD21, TP53, MYADM, CIAO1, ANKRD23, KCNH7, SRGAP2, PARVA, 
RAP1GAP, PPFIA1, TH, ATG13, FKBP1A, KIT, GCH1, RAB43, MPV17L2, LRRTM2, BCL2, AGO4, BAZ2A, TBC1D2, SHMT1, SWAP70, SNAI1, TRIM21, TP73, 
TTC19, CDH13, PLN, SVIP, ADGRL1, LRP4, TP53INP2, TP53INP1, KCNC3, SLC6A1, MAF1, VCL, WNT1, ANK2, ATG5, ANK3, TBC1D13, LGI1, SAR1A, DISC1, 
ATG9A, SCUBE3, IRS1, GRHL2, TBC1D22A, MAP4K4, SLITRK4, CELF2, RELN, VAMP2, STMN1, CLIP3, MFAP4, MAP7D3, CAV3, SNX9, STRAP, DRD2, KCNA2, 
ONECUT2, SRC, KCNS2, CNOT6L, TBC1D30, BMF, FGD3, PARD6B, MYO1C, PODXL, AK3, WIPI2, FOXP1, CORO1C, IKBKE, THSD4, DNAJB2, DNAJB1, NDUFAF6, 
FAM175B, PRKAG1, RHOQ, PIP5K1A, FES, SPICE1, TRIM9, CNTNAP1, PSMD5, FOSL1, CCDC88A, NRXN2, PRKCH, PFKM, PRKCE, BBS1, PRKCQ, DGAT1, XIRP1, 
ATG4B, UBE2K, TPPP, MDM4, ATPAF1, ABLIM1, ABLIM3, PPM1A, TMEM33, MARVELD3, SEC16A, TOR1A, NEDD4L, SYNPO, GEMIN5, PIK3R2, EHD4, PTPRD, 
DNM1L, CREB1, ASIC2, GMFB, PPP1R9B, PRLR, RPL13A, CDAN1, MYPN, EVI5L 
1.254802434 0.934713882 0.009803527 0.708327188 
GO:0048863~stem cell differentiation 46 3.372434018 3.59E-04 
NRP2, GCNT2, STRAP, DAG1, PPP3R1, KITLG, SOX4, JAG1, KIT, LIN28A, HOOK3, AMER1, OVOL2, MYOCD, BCL2, SEMA3E, MED27, RTF1, BCL9L, AXIN2, 
DAB2IP, RET, EFNB1, SMAD4, SIX3, ZHX2, LEF1, MSTN, DLL1, CDK6, SKI, TRIM62, SNAI1, CORO1C, SEMA6A, NOTCH1, PHF19, SEMA4F, HEYL, WNT9B, 
SEMA4C, PDGFRA, KDM4C, SEMA4B, JMJD1C, KLF4 
1.730879679 0.935617686 0.00981809 0.71193263 
GO:0031331~positive regulation of cellular 
catabolic process 
46 3.372434018 3.59E-04 
SNX9, CRNKL1, SLC6A1, CPEB3, ATG13, SNCA, HK1, CALCOCO2, PEX3, CBFA2T3, NR2C2, RIMS3, CALCB, AMER1, TRIM67, GMIP, ATG5, XBP1, PAFAH1B2, 
TNRC6B, MYC, DISC1, DAB2IP, MAP2K1, MAP1A, CHST3, MSTN, SOCS4, IRS1, ZCCHC17, SIRT1, TRIM21, KCNK3, FAM131B, SGTA, HSPBP1, ATG4B, MEX3C, 
SVIP, DNAJB2, ATPIF1, TREM1, IGFBP3, TP53INP2, TP53INP1, HTR2A 
1.730879679 0.935617686 0.00981809 0.71193263 
GO:0050768~negative regulation of 
neurogenesis 
36 2.639296188 3.61E-04 
GFAP, RAP1GAP, ADCY5, JAG1, LIN28A, HOOK3, EPHB2, MBP, FAT3, XYLT1, RAB29, SEMA3E, ANP32A, NFATC4, TLX2, DIXDC1, SIX3, TP53, ZHX2, DLL1, SKI, 
TP73, MYCN, NOTCH3, SEMA6A, EPHA4, MAP4K4, DLX1, NOTCH1, SEMA4F, FOXG1, CNTN2, SEMA4C, SEMA4B, LRP4, SRGAP2 
1.887639618 0.93639682 0.009826285 0.715081497 
GO:0006886~intracellular protein 
transport 
85 6.231671554 3.62E-04 
AP1B1, XPO5, DPH6, XPO4, LHCGR, AP3S2, TNFSF14, PIP5K1A, PEX3, KIF13A, TMEM173, AP1S2, CRY2, ANK2, MDFIC, ANK3, NMUR1, PEX2, RAB29, SAR1A, 
GPIHBP1, DAB2IP, STX1A, ANP32B, ZDHHC8, RAB4A, TP53, SIX3, SRPRA, EDAR, MYADM, CDKL2, PKIA, VTI1A, BBS1, MFN2, PRKCQ, MYRIP, HNF4A, ATG4B, 
SURF4, TOM1, AKAP6, ATPIF1, VAMP2, PACS1, SNX9, SYVN1, ABLIM3, COPZ1, ATG13, CACNB1, PPM1A, PPP3R1, DAG1, NFKBIA, SOX4, LMAN1, OAZ2, 
XBP1, STX17, CHM, BCL6, LYPLAL1, AXIN2, SEC61A1, ELMOD1, PIK3R2, SPRN, CNST, MYO1C, PTPN14, LRRC46, SMAD4, LMNA, MAL, HID1, SIRT1, COG3, 
UACA, NEDD4, KCNN3, SVIP, MARCKS, SPCS2 
1.464494359 0.936765378 0.009811915 0.716584449 
GO:0046579~positive regulation of Ras 
protein signal transduction 
10 0.73313783 3.65E-04 NOTCH2, MAP2K1, GPR55, RASGRP4, ARPP19, KITLG, SHOC2, PDGFRB, LPAR2, DGKI 4.271864168 0.938183437 0.00985709 0.722449824 
GO:0031589~cell-substrate adhesion 37 2.712609971 3.69E-04 GCNT2, SRCIN1, ONECUT2, FGFRL1, PEAK1, DAG1, ITGA10, PIP5K1A, SRC, WNT1, COL26A1, GP5, HPSE, ITGB8, BCL2, SEMA3E, SERPINE1, BCL6, FNDC3B, 1.865974001 0.940110027 0.009933476 0.730637331 
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DISC1, PLET1, ROCK1, AKIP1, AXL, CDK6, PRKCE, MYADM, CORO1C, CDH13, NOTCH1, EGFLAM, SNED1, VEGFA, CNTN2, MARCKS, PARVA, SRGAP2 
GO:0070482~response to oxygen levels 50 3.66568915 3.80E-04 
LDHA, CPEB2, PGF, PPARG, RORA, CBFA2T3, SLC2A8, PTGIS, PRMT2, PLOD1, MYOCD, SERPINE1, EEF2K, TP53, PRKCE, PRKCB, CRHR1, PRKCQ, UCN2, HNF4A, 
VEGFA, PDGFRA, PDGFRB, STC1, NGB, MDM4, ALDOA, DRD2, TH, SOX4, BDKRB2, SRC, ACE, ECE1, BCL2, UCK2, SCNN1G, NOS1, PDK3, CREB1, LMNA, 
SMAD4, NR4A2, SIRT1, USF1, KCNK3, AGTRAP, NOTCH1, HDAC1, UCP3 
1.681057659 0.944924192 0.010191683 0.75230345 
GO:0070848~response to growth factor 69 5.058651026 3.93E-04 
NRP2, OPRM1, CRNKL1, NDST1, SNCA, FGFRL1, ZEB1, WNT1, MYOCD, GATA3, SERPINE1, EEF2K, MYC, DAB2IP, TP53, FGF23, LEF1, DLL1, PRKCE, IRS1, 
PRKCB, PRKD1, ACVR2B, VEGFA, PDGFRA, PDGFRB, CAV3, GCNT2, RAP1GAP, HOXA13, FUT8, STRAP, TH, ONECUT2, PPM1A, GREM2, SRC, CALCA, PEG10, 
RGMB, XBP1, RNF165, FAT4, BCL9L, EHD4, MUC2, BMP3, NOS1, MYO1C, CREB1, MET, SMAD4, MSTN, SKI, GAS1, HGF, TMPRSS6, SIRT1, CDKN1C, NOTCH2, 
PPP1R9B, NOTCH1, DKK1, PLCG1, NEDD4, HEYL, LRP4, BMP8B, KLF4 
1.534730986 0.950071094 0.010497872 0.777663912 
GO:0018130~heterocycle biosynthetic 
process 286 20.96774194 4.09E-04 
ADCY5, LHCGR, RORA, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, CRHR1, MED19, 
UHRF2, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MC2R, MNT, PDGFRB, TGIF2, ATPIF1, ATXN1L, SUPT6H, ALDOA, TNRC18, HOXA13, CRTC1, 
TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, KLF17, MSTN, SKI, HGF, UBP1, USF1, SFMBT2, 
ZBTB42, NOTCH3, NOTCH2, ZFHX4, DLX1, NOTCH1, NR1I2, CSRNP3, TRPS1, JAZF1, RBMXL1, TCF12, FOXI1, KLF4, NCOR2, BMP8B, OPRM1, CREBRF, HNF1A, 
CPEB3, PPARG, MITF, ZEB1, ANP32A, GUCY1A3, MKX, MYC, AGAP2, CSDC2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MXD4, MYCN, FOXR2, CCND1, ADK, 
GRM7, NSD1, CLOCK, ZMYND11, POLR2F, SCML2, KIT, GCH1, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, ZSCAN29, BAZ2A, TLX2, MLLT3, SHMT1, 
NOS1, LMNA, TNP1, PPP1R10, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, OBFC1, ZBTB4, 
KDM8, NEUROD2, HTR2C, TP53INP2, LRP4, TP53INP1, RNASEL, CBX3, JAG1, MAF1, PNP, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, ATG5, MDFIC, GATA3, TGS1, 
SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, PDXK, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, ELL2, UCN2, IGSF1, TRIM32, AKAP6, NFE2L1, 
RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, ECE1, OVOL2, RNF165, OVOL1, TFDP2, AXIN2, TAF5, MET, 
NR4A2, AK3, HACE1, WHSC1, AK4, FOXP3, TRIM62, FOXP1, AK9, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, POU6F1, E2F3, ARID4A, E2F5, 
ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, 
FOXJ2, PADI2, PRKCH, LEF1, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, MDM4, JMJD1C, CUX1, CALCR, ABLIM1, FRK, KMT2D, 
ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, UCK2, CHD3, PIK3R2, CREB1, CREB5, SIRT6, AMPD2, SIRT1, 
ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.195728474 0.95603867 0.01090309 0.810557228 
GO:0010769~regulation of cell 
morphogenesis involved in differentiation 43 3.152492669 4.10E-04 
GCNT2, SRCIN1, STRAP, DAG1, EPHB2, MBP, OVOL2, MAPT, SEMA3E, EEF2K, BCL9L, NFATC4, AXIN2, TLX2, RAB21, DISC1, DIXDC1, DAB2IP, RET, PTPRD, 
MAP2K1, MET, SMAD4, LEF1, TRIM62, MYADM, SNAI1, NUMBL, CORO1C, SEMA6A, EPHA4, NOTCH1, NEDD4, SEMA4F, VEGFA, CNTN2, WNT9B, SEMA4C, 
SEMA4B, MARCKS, RELN, CUX1, LRP4 
1.759286032 0.956220354 0.010879498 0.811627233 
GO:0051147~regulation of muscle cell 
differentiation 
24 1.759530792 4.22E-04 CAV3, FLOT2, MSTN, TNFSF14, DLL1, RCAN1, ZEB1, NR2C2, FOXP1, CXCL10, NOTCH1, DKK1, ANKRD23, MYOCD, HDAC1, XBP1, BCL2, TRIM32, AKAP6, MKX, 
PLCB1, NEK5, IGFBP3, SUPT6H 
2.234513565 0.960189951 0.011169335 0.836181916 
GO:0002573~myeloid leukocyte 
differentiation 
28 2.052785924 4.28E-04 CALCR, CLDN18, CCR1, MITF, PPARG, KITLG, KIT, CBFA2T3, SRC, CALCA, GATA3, INPP5D, MYC, CSF1R, ASXL2, ESRRA, ZBTB46, CREB1, LEF1, MYH9, 
PPARGC1B, FOXP1, FARP2, NOTCH2, GPR55, VEGFA, IRF4, TOB2 
2.074905453 0.961828524 0.011275075 0.84703803 
GO:0010822~positive regulation of 
mitochondrion organization 
35 2.565982405 4.33E-04 CRNKL1, SLC6A1, DPH6, ABLIM3, ATG13, HK1, PEX3, NR2C2, RIMS3, CALCB, MOAP1, MPV17L2, ATG5, GMIP, NMUR1, BMF, ELMOD1, DNM1L, MAP2K1, 
ZDHHC8, MAP1A, LRRC46, TP53, CHST3, MSTN, MARCH5, ZCCHC17, CDKL2, FAM131B, KCNK3, KCNN3, MEX3C, PLA2G6, ATPIF1, TREM1 
1.889783777 0.963178052 0.011359422 0.856334064 
GO:0014070~response to organic cyclic 
compound 
113 8.284457478 4.33E-04 
LDHA, SLC6A1, ADCY5, SLC6A3, SNCA, CBX3, RORA, CXCL10, SLC16A1, PAPPA, RAE1, GATA3, PDE4B, SERPINE1, RARB, NQO1, LRRC7, PDXK, STRN3, FGF23, 
HNF4G, IRS1, PPARGC1B, CRHR1, UCN2, THBD, HNF4A, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, STC1, ALDOA, DRD2, HMGCS1, NFKBIA, PAQR7, PAQR8, 
LIN28A, NR2C2, SRC, CALU, PEA15, ACE, CDA, IDH1, AXIN2, HCN3, KLF6, ESRRA, MAP2K1, MET, IL1RN, NR4A2, MSTN, NOTCH1, NR1I2, UCP3, HDAC1, 
PLCG1, KCNJ8, AREG, NCOR2, KLF4, ARSB, CREBRF, OPRM1, PPARG, MBP, TMEM173, GPX3, EEF2K, GUCY1A3, FOSL1, MYC, TP53, LEF1, CFTR, FOSB, IL6R, 
PRKCE, PRKCB, INHBB, PRKCQ, NCOA1, CCND1, CALCR, KMT2D, TH, FKBP1A, FKBP1B, TPCN2, ACSL1, RPL32, BCL2, AGO4, SHMT1, GNAO1, NOS1, CREB1, 
RCAN1, ATP1A2, HID1, SIRT1, PPP1R9B, RPL13A, PLN, IRF1, SMPD1, DPYD, HTR2C, HTR2A 
1.372282787 0.963202684 0.011322756 0.856506883 
GO:0043010~camera-type eye 
development 
42 3.079178886 4.36E-04 
RHOJ, FZR1, TH, MITF, ZEB1, JAG1, NHS, CALB1, EPHB2, PVRL1, LPCAT1, FAT3, BCL11B, GATA3, POU2F1, SLC4A7, RARB, CASP2, TWIST2, GPD2, RET, PTPRM, 
YY1, SDK2, SIX3, DLL1, SKI, GAS1, GRHL2, FOXP2, RAB11FIP4, CDKN1C, MFN2, NOTCH2, ACVR2B, PKNOX1, HDAC1, VEGFA, PDGFRA, PDGFRB, TGIF2, KLF4 
1.768180299 0.964070747 0.011365175 0.862671929 
GO:0009755~hormone-mediated signaling 
pathway 
18 1.319648094 4.43E-04 CREBRF, ESRRA, LHCGR, PPARG, NR4A2, ADIPOR2, LEF1, PAQR7, PAQR8, RORA, HNF4G, NR2C2, CRHR1, NR1I2, ACSL1, HNF4A, PRLR, RARB 2.614380871 0.966049393 0.011518249 0.877298558 
GO:0001654~eye development 46 3.372434018 4.50E-04 
RHOJ, FZR1, PPP2R3A, TH, MITF, JAG1, ZEB1, NHS, CALB1, EPHB2, PVRL1, LPCAT1, FAT3, BCL2, BCL11B, GATA3, POU2F1, SLC4A7, RARB, CASP2, TWIST2, 
GPD2, SH3PXD2B, RET, PTPRM, YY1, SDK2, SIX3, DLL1, SKI, GAS1, COL5A2, GRHL2, FOXP2, RAB11FIP4, CDKN1C, MFN2, NOTCH2, ACVR2B, PKNOX1, HDAC1, 
VEGFA, PDGFRA, PDGFRB, TGIF2, KLF4 
1.713127067 0.967768963 0.011654508 0.890717884 
GO:1902533~positive regulation of 
intracellular signal transduction 86 6.304985337 4.60E-04 
OPRM1, SLC44A2, LHCGR, SHOC2, TNFSF14, LPAR2, ITSN1, CXCL11, CXCL10, MDFIC, HPSE, GATA3, GAB1, LTF, TGFA, SPRED1, PLCB1, AGAP2, IRAK2, 
DAB2IP, TP53, FGF23, RAD9A, IL6R, EDAR, PRKCE, PRKCB, PRKD1, PRKCQ, ZDHHC17, MAP3K15, KSR2, GPR55, RELT, HNF4A, SERPINF2, VEGFA, TRIM32, 
PDGFRA, SEMA4C, PDGFRB, AKAP6, PLA2G6, RELN, KSR1, MAP3K14, GCNT2, GNAI2, DRD2, CCR1, PPM1A, KITLG, FKBP1A, KIT, SRC, IRAK4, CCL22, XBP1, 
RASGRP4, CSF1R, THPO, DIXDC1, DNM1L, MAP2K1, MET, IL1RN, ARPP19, AXL, HGF, DGKI, MID1, TRIM62, SIRT1, TP73, NOTCH2, CDH13, EPHA4, IKBKE, 
NOTCH1, EI24, HDAC1, NEDD4, NEUROD2, IGFBP3, HTR2C, HTR2A 
1.449063901 0.970197665 0.01187844 0.910940986 
GO:0019221~cytokine-mediated signaling 
pathway 
41 3.005865103 4.63E-04 
CREBRF, CLDN18, RTN4RL1, CCR1, IL21R, PPARG, CXCR1, FKBP1A, KIT, CXCL11, GREM2, CXCL10, IRAK4, NLRC5, CCL22, ACSL1, IL10RB, CDIP1, GAB1, PLCB1, 
THPO, CSF1R, IRAK2, KLF6, IL2RB, IL1RN, AXL, SMAD4, ADIPOR2, PADI2, SOCS4, ACKR4, IL6R, SIRT1, NUMBL, RPS6KA4, PRLR, RELT, UBE2K, TRIM32, IRF1 
1.777605567 0.970767966 0.011903133 0.915927924 
GO:0048762~mesenchymal cell 
differentiation 
26 1.906158358 4.71E-04 
NRP2, GCNT2, STRAP, PPP3R1, KITLG, JAG1, AMER1, OVOL2, BCL2, SEMA3E, BCL9L, AXIN2, RET, DAB2IP, EFNB1, SMAD4, LEF1, TRIM62, SNAI1, CORO1C, 
SEMA6A, NOTCH1, SEMA4F, HEYL, SEMA4C, SEMA4B 
2.133518602 0.972594503 0.012078528 0.932579258 
GO:0033044~regulation of chromosome 
organization 
36 2.639296188 4.75E-04 
DYNC1LI1, SNCA, CTCFL, SRC, SLX4, ATG5, MYOCD, XBP1, PAX7, GATA3, RTF1, ANP32A, BCL6, NAT10, TNKS, AXIN2, MYC, ASXL2, NOS1, TP53, SMAD4, 
CDC23, PADI2, FOXP3, SIRT1, PRKD1, PRKCQ, PHF19, RPS6KA4, UHRF2, OBFC1, TRPS1, VEGFA, KDM4C, NSD1, SUPT6H 
1.860769303 0.973349018 0.012130968 0.939783203 
GO:0031344~regulation of cell projection 
organization 
67 4.91202346 4.78E-04 
ARSB, SYT1, GFAP, SRCIN1, CPEB3, ADCY5, RHOQ, FES, MBP, WNT1, ATG5, XYLT1, MAPT, RAB29, GATA3, SEMA3E, TBC1D13, EEF2K, ANP32A, LRRC7, 
RAB21, DISC1, DAB2IP, RET, CCDC88A, TBC1D22A, NUMBL, PRKD1, PRKCQ, MAP4K4, HNF4A, SEMA4F, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, CUX1, 
RAP1GAP, CRTC1, ULK4, KIT, FKBP1B, SRC, EPHB2, TRIM67, FAT3, NFATC4, NEDD4L, TBC1D30, TLX2, TBC1D2, DIXDC1, PTPRD, MAP2K1, PODXL, MET, HGF, 
SIRT1, CORO1C, SEMA6A, EPHA4, NEDD4, MARCKS, EVI5L, LRP4, KLF4 
1.5349064 0.973988968 0.012171079 0.946054572 
GO:0071478~cellular response to radiation 22 1.612903226 4.81E-04 
HYAL3, YY1, TP53, RAD9B, RAD9A, SIRT1, IRS1, TP73, CDC25A, RDH11, PPP1R9B, EI24, TMEM109, XPC, RPL13A, NEDD4, NFATC4, MFAP4, MYC, CLOCK, 
OPN4, TP53INP1 2.315474201 0.974601583 0.012209363 0.952203937 
GO:0032413~negative regulation of ion 
transmembrane transporter activity 12 0.879765396 4.82E-04 CRHR1, CAV3, DRD2, NEDD4, ANK3, PLN, GRK6, FKBP1A, NEDD4L, OXSR1, ATP1A2, FKBP1B 3.485841161 0.974730265 0.012185639 0.953514424 
GO:0002682~regulation of immune 
system process 
110 8.064516129 4.85E-04 
PVR, VTCN1, SNCA, TNFSF14, RNF216, RORA, JAG1, CXCL11, PNP, CXCL10, NLRC5, CD47, ATG5, GATA3, PDE4B, SERPINE1, MS4A2, MTUS1, PAG1, TWIST2, 
RBFOX2, DAB2IP, GBP5, EFNB3, EFNB1, DLL1, PPARGC1B, CRHR1, GPR55, LYST, VEGFA, ATXN1L, VAMP2, SUPT6H, PLA2G2F, SCN1A, DRD2, NFKBIA, SNX4, 
CACNB3, ACE, GMIP, PVRL2, CSF1R, ASXL2, ESRRA, ZBTB46, ABR, MSTN, WHSC1, FOXP3, FOXP1, FAM131B, NOTCH2, NOTCH1, PLCG1, SLC7A2, TRAFD1, 
CRNKL1, PPARG, MITF, PEX3, ZEB1, FES, LGR4, TMEM173, TKFC, LTF, PLCB1, MYC, IRAK2, FLOT2, TP53, LEF1, PADI2, PRKCH, CHST3, CDK6, NFAM1, DAPK2, 
PRKCE, ZCCHC17, PRKCB, PRKCQ, UBE2K, ADK, TREM1, CLDN18, UNG, CCR1, KITLG, FKBP1A, KIT, CALCA, XBP1, BCL2, BCL6, INPP5D, THPO, PTPRD, CR2, 
SWAP70, CREB1, MAP1A, AXL, SIRT1, IRF1, IRF4, TOB2, RNF41 
1.376121618 0.975384521 0.012231489 0.960281984 
 206 
GO:0090493~catecholamine uptake 6 0.439882698 4.97E-04 RAB3B, DRD2, SLC6A3, TOR1A, SNCA, NAT8L 7.922366276 0.977476837 0.01248175 0.98319602 
GO:0051209~release of sequestered 
calcium ion into cytosol 
17 1.246334311 4.98E-04 JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, ANK2, PLCG1, PLN, AKAP6, HTR2C, GLP1R, HTR2A 2.683845097 0.977582438 0.012456131 0.984408139 
GO:0051283~negative regulation of 
sequestering of calcium ion 
17 1.246334311 4.98E-04 JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, ANK2, PLCG1, PLN, AKAP6, HTR2C, GLP1R, HTR2A 2.683845097 0.977582438 0.012456131 0.984408139 
GO:0007507~heart development 63 4.618768328 5.02E-04 
NRP2, NDST1, AP1B1, FGFRL1, PPARG, JAG1, MYOCD, ANK2, ATG5, GATA3, GAB1, RARB, SH3PXD2B, TP53, ADIPOR2, DLL1, GRHL2, ACVR2B, XIRP1, VEGFA, 
PDGFRA, PDGFRB, AKAP6, MDM4, PARVA, CAV3, HOXA13, TH, PPP3R1, SOX4, FKBP1A, BORCS8, APLNR, ACE, ECE1, OVOL2, SPEG, FAT4, TFDP2, NFATC4, 
AXIN2, ASXL2, MAP2K1, CREB1, MET, SMAD4, LMNA, WHSC1, SIRT6, SNAI1, TP73, FOXP1, NOTCH2, NOTCH1, DKK1, KCNJ8, NEDD4, TRPS1, PLN, HEYL, 
MARCKS, POFUT1, NCOR2 
1.55617909 0.978387974 0.012534288 0.993846098 
GO:0044070~regulation of anion transport 24 1.759530792 5.08E-04 
RAB3B, NOS1, SLC6A1, DRD2, KCNA2, IL1RN, SNCA, HK1, FGF23, SNX4, CFTR, PRKCB, CRY2, GRM7, TOR1A, PER2, GRK6, PLA2G6, STC1, VAMP2, ACSL4, 
HTR2C, NAT8L, HTR2A 
2.206228583 0.979264396 0.012627475 1.004521695 
GO:0043547~positive regulation of GTPase 
activity 49 3.592375367 5.09E-04 
RASGEF1C, PIP5K1A, ITSN1, ARHGAP1, PLCB1, AGAP2, ALS2CL, ARHGEF3, DAB2IP, PSD3, RAP1GDS1, ARHGEF9, RIC8B, ARHGAP26, FARP2, SGSM2, SRGAP2, 
SNX9, RALGPS2, RALGPS1, RAP1GAP, SIPA1, CYTH4, PLEKHG2, CCL22, GMIP, ARHGAP44, RASGRP4, CHM, TBC1D30, AXIN2, FGD6, RASA4, FGD3, ELMOD1, 
TBC1D2, ARHGEF33, ABR, GNAO1, MAP2K1, DOCK9, DOCK8, DOCK3, RALGDS, TBC1D25, CORO1C, PKP4, RGS6, EVI5L 
1.670639837 0.979477173 0.012619752 1.007181392 
GO:0045936~negative regulation of 
phosphate metabolic process 
60 4.398826979 5.09E-04 
OPRM1, SRCIN1, CTDSPL, PPP2R5A, SNCA, CBFA2T3, PDCD4, CRY2, MYOCD, DLG3, CTDSP2, SPRED1, PID1, DAB2IP, ROCK1, RIMBP2, PTPRR, TP53, SOCS4, 
MYADM, PKIA, HNF4A, GRM7, AKAP6, CAV3, ZMYND11, RTN4RL1, DRD2, STRAP, DAG1, FKBP1A, BDKRB2, FKBP1B, PPP1R16B, LPCAT1, MARVELD3, LMTK3, 
MLLT1, CDA, CNST, NOS1, SWAP70, MET, PPP1R11, MSTN, SIRT6, HGF, SIRT1, TP73, CORO1C, CDKN1C, DUSP4, PPP1R9B, DKK1, CSRNP3, ATXN7, IRF1, 
SMPD1, IGFBP3, KLF4 
1.575877559 0.979513327 0.012584576 1.007636038 
GO:0010563~negative regulation of 
phosphorus metabolic process 60 4.398826979 5.09E-04 
OPRM1, SRCIN1, CTDSPL, PPP2R5A, SNCA, CBFA2T3, PDCD4, CRY2, MYOCD, DLG3, CTDSP2, SPRED1, PID1, DAB2IP, ROCK1, RIMBP2, PTPRR, TP53, SOCS4, 
MYADM, PKIA, HNF4A, GRM7, AKAP6, CAV3, ZMYND11, RTN4RL1, DRD2, STRAP, DAG1, FKBP1A, BDKRB2, FKBP1B, PPP1R16B, LPCAT1, MARVELD3, LMTK3, 
MLLT1, CDA, CNST, NOS1, SWAP70, MET, PPP1R11, MSTN, SIRT6, HGF, SIRT1, TP73, CORO1C, CDKN1C, DUSP4, PPP1R9B, DKK1, CSRNP3, ATXN7, IRF1, 
SMPD1, IGFBP3, KLF4 
1.575877559 0.979513327 0.012584576 1.007636038 
GO:0032388~positive regulation of 
intracellular transport 
41 3.005865103 5.22E-04 
NCBP2, CREBRF, DPH6, XPO4, ABLIM3, LHCGR, SNCA, ATG13, PPP3R1, PPM1A, TNFSF14, SNX4, CXCL11, CXCL10, OAZ2, TMEM173, XBP1, ANK3, NMUR1, 
RAB29, MS4A2, RAB21, ELMOD1, PIK3R2, CNST, MYO1C, ANP32B, ZDHHC8, SMAD4, LRRC46, EDAR, CDKL2, CRHR1, PRKCQ, UACA, PLCG1, NEDD4, KCNN3, 
AKAP6, ATPIF1, VAMP2 
1.767055979 0.981438482 0.012860307 1.033079136 
GO:0036293~response to decreased 
oxygen levels 
45 3.299120235 5.37E-04 
ALDOA, LDHA, CPEB2, DRD2, PGF, TH, SOX4, BDKRB2, RORA, CBFA2T3, SRC, SLC2A8, ACE, PRMT2, PTGIS, ECE1, PLOD1, MYOCD, BCL2, SERPINE1, EEF2K, 
SCNN1G, NOS1, CREB1, PDK3, LMNA, SMAD4, TP53, NR4A2, PRKCE, USF1, SIRT1, KCNK3, AGTRAP, PRKCB, CRHR1, PRKCQ, NOTCH1, UCN2, HNF4A, UCP3, 
VEGFA, STC1, MDM4, NGB 
1.710982245 0.983453608 0.013186037 1.062700607 
GO:0007219~Notch signaling pathway 23 1.686217009 5.47E-04 
TSPAN14, NFKBIA, DLL1, CDK6, JAG1, KIT, SNAI1, NRIP2, NOTCH3, S1PR3, WNT1, NOTCH2, DLX1, NOTCH1, OVOL2, XIRP1, TSPAN33, FAT4, PLN, HEYL, BCL6, 
POFUT1, EPN2 
2.242011933 0.984580061 0.013368208 1.080869457 
GO:0040007~growth 96 7.038123167 5.50E-04 
NRP2, SYT1, SLC6A3, PPARG, VCL, WISP2, PRMT2, MYOCD, MAPT, PAX7, GATA3, SERPINE1, WWC3, SEMA3E, RTF1, RARB, LGI1, PLCB1, DISC1, RAB21, INA, 
TBL1XR1, DAB2IP, TP53, ADIPOR2, LEF1, DLL1, IL6R, GRHL2, INHBB, PRKCQ, ACVR2B, TNS2, UCN2, HNF4A, SEMA4F, TRIM32, VEGFA, SEMA4C, SEMA4B, 
AKAP6, STC1, CAV3, KMT2D, FXYD2, PPP2R3A, DRD2, TFCP2L1, NRN1, ALCAM, TAL2, FAM107A, XBP1, RASGRP4, BCL2, CDA, BCL6, NEDD4L, ACSL4, DCX, 
SEC61A1, PLAG1, GPD2, BMP3, SLC12A2, CREB1, SMAD4, AXL, MSTN, SIRT6, GAS1, SIRT1, CACNA2D2, RAPH1, BRAT1, TP73, FOXP1, FOXP2, NOTCH3, 
CDKN1C, NOTCH2, PPP1R9B, SEMA6A, NOTCH1, EI24, PRLR, SP2, BNC2, CXCL16, MEX3C, DNAJB2, TMTC3, AREG, IGFBP3, LRP4, BMP8B 
1.408420671 0.98494949 0.013402442 1.087117542 
GO:0002790~peptide secretion 34 2.492668622 5.54E-04 
HNF1A, DRD2, ADCY5, PPARG, SYT9, SOX4, ILDR2, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, IL1RN, CFTR, PFKM, PRKCE, PCLO, IRS1, SIRT1, 
CRHR1, INHBB, MAP4K4, MYRIP, ACVR2B, DGAT1, HDAC1, HNF4A, PLA2G6, CACNA1E, HTR2C, CLOCK, GLP1R 
1.884837778 0.985434448 0.013463342 1.095555875 
GO:0006898~receptor-mediated 
endocytosis 
30 2.19941349 5.60E-04 
CALCR, CAV3, SNX9, DRD2, SNCA, SYNJ1, CXCR1, ILDR1, SRC, CALCA, RSPO1, LRRTM2, SERPINE1, CAP1, NEDD4L, FCHO2, RAB21, GPR107, HIP1, DBNL, 
UNC119, DLL1, STAB2, ACKR4, TMPRSS4, DKK1, NEDD4, CXCL16, VEGFA, CNTN2 
1.980591569 0.986097585 0.013567481 1.107559758 
GO:0051282~regulation of sequestering of 
calcium ion 
17 1.246334311 5.63E-04 JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, ANK2, PLCG1, PLN, AKAP6, HTR2C, GLP1R, HTR2A 2.654986548 0.98642924 0.013600418 1.113779252 
GO:0051208~sequestering of calcium ion 17 1.246334311 5.63E-04 JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, ANK2, PLCG1, PLN, AKAP6, HTR2C, GLP1R, HTR2A 2.654986548 0.98642924 0.013600418 1.113779252 
GO:0001666~response to hypoxia 44 3.225806452 5.75E-04 
ALDOA, LDHA, CPEB2, DRD2, PGF, TH, SOX4, BDKRB2, RORA, CBFA2T3, SRC, SLC2A8, ACE, PRMT2, PTGIS, ECE1, PLOD1, MYOCD, BCL2, SERPINE1, SCNN1G, 
NOS1, CREB1, PDK3, LMNA, SMAD4, TP53, NR4A2, PRKCE, USF1, SIRT1, KCNK3, AGTRAP, PRKCB, CRHR1, PRKCQ, NOTCH1, UCN2, HNF4A, UCP3, VEGFA, 
STC1, MDM4, NGB 
1.717932472 0.987549414 0.013827283 1.135967258 
GO:0021537~telencephalon development 36 2.639296188 5.75E-04 
NRP2, CRNKL1, DRD2, TH, BCAN, ULK4, UQCRQ, EPHB2, FAT4, BCL11B, CNTNAP2, RARB, DCX, PLCB1, DISC1, CSF1R, DIXDC1, DAB2IP, AK3, SIX3, SOCS7, 
LEF1, SKI, TP73, FOXP2, NUMBL, BBS1, PPP1R9B, NCOA1, DLX1, HDAC1, FOXG1, CNTN2, RELN, NCOR2, SRGAP2 
1.841113289 0.987584585 0.013792657 1.13669574 
GO:0031099~regeneration 33 2.419354839 5.79E-04 
GFAP, PGF, PPARG, NFKBIA, JAG1, FKBP1B, CALU, WNT1, ACE, XYLT1, BCL2, PAX7, SERPINE1, POU2F1, MYC, INA, NOS1AP, MAP2K1, AXL, LEF1, MSTN, 
CHST3, HGF, NOTCH3, PRKCQ, EPHA4, MAP4K4, NOTCH2, CCND1, NOTCH1, UCN2, HTR2C, KLF4 
1.901996665 0.987964419 0.013846113 1.144696975 
GO:0030099~myeloid cell differentiation 43 3.152492669 5.80E-04 
CALCR, CLDN18, ARID4A, CCR1, PPARG, MITF, NFKBIA, KITLG, KIT, JAG1, CBFA2T3, TRIM10, FES, SRC, CALCA, GATA3, BCL6, INPP5D, MYC, TWIST2, THPO, 
CSF1R, ASXL2, RBFOX2, ESRRA, ZBTB46, CREB1, LEF1, DLL1, CDK6, MYH9, FOXP1, PPARGC1B, FARP2, CDKN1C, NOTCH2, PKNOX1, GPR55, VEGFA, NFE2L1, 
ATPIF1, IRF4, TOB2 
1.730045821 0.988007545 0.013814006 1.145621291 
GO:0090002~establishment of protein 
localization to plasma membrane 22 1.612903226 5.85E-04 
PACS1, PID1, CAV3, CNST, ROCK1, PPP2R5A, FLOT2, PPFIA1, TSPAN14, RHOQ, TMBIM1, PIP5K1A, MYADM, BBS1, KIF13A, PPP1R9B, ANK2, TSPAN33, ANK3, 
LYPLAL1, CLIP3, VAMP2 2.282395999 0.98850126 0.013900965 1.156445961 
GO:0042886~amide transport 41 3.005865103 5.88E-04 
HNF1A, DRD2, ADCY5, PPARG, PPM1A, TNFSF14, NFKBIA, SYT9, SOX4, ILDR2, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, IL1RN, CFTR, EDAR, 
PFKM, PRKCE, PCLO, IRS1, SIRT1, CRHR1, INHBB, PRKCQ, MAP4K4, MYRIP, ACVR2B, DGAT1, UACA, HDAC1, HNF4A, PLA2G6, CACNA1E, SLC38A1, HTR2C, 
CLOCK, GLP1R 
1.75663087 0.988773726 0.013931725 1.162620006 
GO:0080134~regulation of response to 
stress 
117 8.57771261 5.94E-04 
PVR, SLC6A1, SNCA, RNF216, RORA, NLRC5, CD47, GP5, PTGIS, ATG5, MDFIC, GATA3, SERPINE1, GAB1, CREB3L1, SPRED1, DAB2IP, GBP5, RAD9A, MAP4K4, 
THBD, SERPINF2, TRIM32, VEGFA, PDGFRA, ATPIF1, VAMP2, NGB, CAV3, SCN1A, SYVN1, DRD2, NFKBIA, SNX4, BDKRB2, ULK4, NR2C2, RIMS3, ACE, GMIP, 
PVRL2, RNF169, AXIN2, DIXDC1, ABR, MAP2K1, MET, IL1RN, MSTN, WHSC1, HGF, FOXP3, FOXP1, FAM131B, KCNK3, TBC1D25, EPHA4, UACA, SLC7A2, 
TRAFD1, KLF4, CREBRF, CRNKL1, PPARG, PEX3, PDCD4, LGR4, TMEM173, TKFC, HPSE, XYLT1, LTF, PLCB1, MYC, IRAK2, PGAP2, ZDHHC8, FLOT2, TP53, 
CHST3, CDK6, PRKCE, ZCCHC17, PRKCQ, UBE2K, SEMA4C, TREM1, CLOCK, ZMYND11, FUT8, CCR1, ATG13, CALCOCO2, HK1, FAM46A, FKBP1B, GCH1, 
CALCB, XBP1, MARVELD3, BCL6, PAFAH1B2, DNM1L, MAP1A, ASIC2, SIRT6, STAB2, MID1, SNAI1, SIRT1, TMPRSS6, TP73, SGTA, IRF1, MEX3C, SVIP, IRF4 
1.351907372 0.989245938 0.014020632 1.173683012 
GO:0048729~tissue morphogenesis 69 5.058651026 6.02E-04 
NRP2, HNF1A, PGF, VPS52, JAG1, CALB1, LGR4, VCL, HS2ST1, WNT1, GATA3, PAX7, SEMA3E, DLG3, MYC, RET, PTPRM, SDK2, SIX3, LEF1, DLL1, GRHL2, 
MYCN, VEGFA, WNT9B, SEMA4C, STC1, MDM4, HOXA13, PPP3R1, DAG1, SOX4, CTNND1, FKBP1A, SRC, FOXQ1, FAT3, OVOL2, FAT4, BCL2, TOR1A, POU2F1, 
SLC4A7, NFATC4, SCNN1G, TLX2, TMEM79, MLLT3, PLET1, SLC12A2, PODXL, MET, GRSF1, SMAD4, NTN4, SKI, SIRT6, HGF, SNAI1, WNT2B, NOTCH2, EPHA4, 
NOTCH1, DKK1, ZIC5, HEYL, TMTC3, AREG, KLF4 
1.511582706 0.989881827 0.014164019 1.189371898 
GO:0050796~regulation of insulin 
secretion 25 1.832844575 6.10E-04 
HNF1A, DRD2, ADCY5, SOX4, SYT9, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, CFTR, PFKM, PRKCE, IRS1, SIRT1, INHBB, MAP4K4, MYRIP, HDAC1, HNF4A, 
PLA2G6, CACNA1E, CLOCK, GLP1R 2.135932084 0.990507526 0.014315297 1.205800307 
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GO:0051223~regulation of protein 
transport 
77 5.64516129 6.17E-04 
OPRM1, CREBRF, HNF1A, SRCIN1, VTCN1, DPH6, ADCY5, XPO4, SYT9, TNFSF14, SIDT2, LGR4, SLC16A1, TMEM173, ATG5, MDFIC, ANK3, NMUR1, GATA3, 
RAB29, KDELR3, DAB2IP, ANP32B, ZDHHC8, CFTR, PFKM, EDAR, PRKCE, IRS1, CDKL2, PKIA, INHBB, PRKCQ, MAP4K4, MYRIP, HNF4A, AKAP6, PLA2G6, ATPIF1, 
VAMP2, GLP1R, CLOCK, DRD2, ABLIM3, ATG13, PPM1A, PPP3R1, NFKBIA, SOX4, HK1, MYT1, FKBP1B, SRC, OAZ2, XBP1, GOLPH3L, PER2, LYPLAL1, AXIN2, 
ELMOD1, CSF1R, PIK3R2, DNM1L, NOS1, CNST, MYO1C, PTPN14, LRRC46, SMAD4, FOXP3, SIRT1, FOXP1, UACA, HDAC1, KCNN3, SVIP, CACNA1E 
1.471544789 0.991023835 0.014441565 1.220191412 
GO:0007204~positive regulation of 
cytosolic calcium ion concentration 
33 2.419354839 6.20E-04 CALCR, CAV3, OPRM1, JPH3, DRD2, CCR1, ADCY5, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, FKBP1B, CXCL10, TPCN2, CALCA, ANK2, ATG5, BCL2, MS4A2, 
SWAP70, PRKCE, PRKD1, CRHR1, PLCG1, PLN, PDGFRA, PLA2G6, AKAP6, HTR2C, GLP1R, ADRA1D, HTR2A 
1.894478892 0.991217246 0.014463508 1.22579603 
GO:0001934~positive regulation of protein 
phosphorylation 86 6.304985337 6.38E-04 
OPRM1, SRCIN1, SNCA, LPAR2, S1PR2, WNT1, RSPO1, MDFIC, GAB1, LTF, TGFA, PLCB1, AGAP2, IRAK2, DAB2IP, RET, CCDC88A, TP53, FGF23, IL6R, PRKCE, 
PRKD1, INHBB, ACVR2B, CCND1, MAP3K15, KSR2, GPR55, HNF4A, RELT, UBE2K, SERPINF2, VEGFA, PDGFRA, SEMA4C, PDGFRB, AKAP6, PLA2G6, RELN, 
CLIP3, KSR1, SNX9, GCNT2, GNAI2, DRD2, CCR1, ATG13, KITLG, CTNND1, KIT, SRC, CALCA, ACE, CCL22, ACSL1, XBP1, BCL2, AXIN2, CSF1R, EHD4, THPO, 
DIXDC1, BMP3, UNC119, MAP2K1, MET, IL1RN, SMAD4, MSTN, OXSR1, HGF, MID1, SIRT1, BRAT1, TP73, EPHA4, RPS6KA4, PRLR, AKTIP, HDAC1, MARCKS, 
IGFBP3, HTR2C, LRP4, BMP8B, HTR2A 
1.434090795 0.992340923 0.014833255 1.26101218 
GO:0051272~positive regulation of cellular 
component movement 
50 3.66568915 6.40E-04 
GCNT2, CCR1, ONECUT2, KITLG, TNFSF14, KIT, CXCL11, AMOTL1, SRC, CXCL10, BCL2, GATA3, SERPINE1, SEMA3E, BCL6, MYC, CSF1R, DAB2IP, RET, PLET1, 
MYO1C, MAP2K1, SWAP70, PODXL, MET, TP53, CHST3, LEF1, HGF, DAPK2, PRKCE, MYADM, SNAI1, IRS1, FOXP1, PRKD1, CDH13, SEMA6A, NOTCH1, PLCG1, 
SEMA4F, CXCL16, TRIM32, VEGFA, PDGFRA, SEMA4C, PDGFRB, SEMA4B, RELN, STMN1 
1.64302468 0.992452094 0.014832281 1.264772649 
GO:1903827~regulation of cellular protein 
localization 57 4.17888563 6.41E-04 
LZTS2, PPP2R5A, DPH6, XPO4, TNFSF14, RHOQ, TMEM173, MDFIC, NMUR1, ANK3, RAB29, VPS4A, PID1, DAB2IP, ANP32B, ZDHHC8, EDAR, CDKL2, PKIA, 
PRKCQ, HNF4A, VEGFA, AKAP6, ATPIF1, CLIP3, VAMP2, CLDN18, ABLIM3, PPFIA1, ATG13, PPP3R1, PPM1A, SOX4, NFKBIA, SRC, OAZ2, XBP1, TOR1A, 
LYPLAL1, NEDD4L, AXIN2, PIK3R2, ELMOD1, CNST, MYO1C, LMNA, SMAD4, LRRC46, PTPN14, TMBIM1, SIRT1, PPP1R9B, UACA, KCNN3, SVIP, LRP4, 
TP53INP2 
1.582958462 0.99248271 0.014799606 1.265817993 
GO:1990778~protein localization to cell 
periphery 
30 2.19941349 6.50E-04 
PACS1, CALCR, CAV3, PPP2R5A, PPFIA1, PPIL2, RHOQ, PIP5K1A, KIF13A, ZDHHC23, TSPAN33, ANK2, ANK3, VPS4A, LYPLAL1, FCHO2, PIK3R2, PID1, GPR158, 
CNST, ROCK1, FLOT2, TSPAN14, CRB3, TMBIM1, MYADM, BBS1, PPP1R9B, CLIP3, VAMP2 
1.962748402 0.992981025 0.014960333 1.283456275 
GO:0045637~regulation of myeloid cell 
differentiation 
27 1.979472141 6.50E-04 
CLDN18, CCR1, MITF, KITLG, NFKBIA, JAG1, FES, CALCA, INPP5D, MYC, TWIST2, THPO, CSF1R, ASXL2, RBFOX2, ESRRA, ZBTB46, CREB1, LEF1, CDK6, DLL1, 
PPARGC1B, FOXP1, NOTCH2, GPR55, TOB2, RNF41 
2.053178695 0.99301834 0.014931251 1.284826941 
GO:0006874~cellular calcium ion 
homeostasis 44 3.225806452 6.69E-04 
CALCR, OPRM1, CAV3, JPH3, DRD2, ADCY5, CCR1, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, FKBP1B, CALB1, TPCN2, CXCL10, CALCA, ANK2, ATG5, BCL2, 
MS4A2, SLC25A27, DISC1, NOS1, SWAP70, RAP1GDS1, ATP1A2, PRKCE, KCNK3, PRKCB, PRKD1, CRHR1, PLCG1, PLN, PGM1, PDGFRA, PLA2G6, AKAP6, STC1, 
HTR2C, ADRA1D, GLP1R, GPR12, HTR2A 
1.704189012 0.993944966 0.015310185 1.321435325 
GO:0003013~circulatory system process 50 3.66568915 6.70E-04 
PPARG, MRVI1, ATG5, ANK2, PDE4B, GUCY1A3, PTPRM, NOS1AP, SCN2B, RAP1GDS1, CFTR, DLL1, PRKCQ, NAV2, SERPINF2, VEGFA, AKAP6, PLA2G6, STC1, 
MDM4, GLP1R, CAV3, GNAI2, DRD2, TH, BDKRB2, FKBP1B, SRC, GCH1, CALCA, ACE, ECE1, PER2, NEDD4L, DNM1L, ABR, NOS1, GNAO1, MAP2K1, MET, 
ASIC2, ATP1A2, SIRT1, AGTRAP, KCNJ8, PLN, CACNA1E, HTR2C, ADRA1D, HTR2A 
1.639315821 0.994001937 0.015292463 1.323865195 
GO:0043933~macromolecular complex 
subunit organization 
196 14.36950147 6.82E-04 
CALHM1, DYNC1LI1, CHMP3, FASTKD2, FGFRL1, SNCA, HOOK3, SHKBP1, KIF13A, BRPF3, VPS4A, DBNL, GBP5, ROCK1, RAP1GDS1, MYH9, PPARGC1B, FARP2, 
OGFOD1, UHRF2, SERPINF2, VEGFA, ATPIF1, ADD2, SUPT6H, ALDOA, TNRC18, CRTC1, NAA50, ISY1, CDA, TNKS, FCHO2, HIP1, ASXL2, MAP2K1, SMAD4, 
YTHDC1, SKI, TRPS1, TMOD2, MARCKS, LIMA1, GFAP, LZTS2, HNF1A, AP1B1, CRNKL1, WASF1, GLRA3, MITF, SYNJ1, NAP1L1, NAP1L5, MAPT, GPX3, ANP32A, 
MKX, ACTR8, TUBB1, MYC, SH3PXD2B, STX1A, ANP32B, POGZ, KCTD21, TP53, MYADM, PLEKHH2, KCNH7, NSD1, CLOCK, PARVA, PPFIA1, TH, FKBP1A, GCH1, 
MPV17L2, XBP1, BCL2, PER2, GATAD2B, BCL6, AGO4, BAZ2A, SHMT1, NOS1, SWAP70, TNP1, MID1, TRIM21, TP73, TTC19, PHF19, RPS6KA4, PLN, KDM8, 
SVIP, LRP4, KCNC3, SLC6A1, HBS1L, MAF1, ATG5, MYOCD, GATA3, LGI1, SAR1A, SATB1, SATB2, STMN3, SCUBE3, MTA2, IRS1, CELF2, VAMP2, STMN1, 
CLIP3, MAP7D3, MAP6D1, CAV3, SNX9, STRAP, KCNA2, SRC, KCNS2, CNOT6L, BMF, PARD6B, TAF5, AK3, WHSC1, FOXP3, MSL2, IKBKE, HDAC1, NDUFAF6, 
ARID4A, FAM175B, PRKAG1, ARID4B, FES, SPICE1, JADE2, PRMT2, TRIM9, PAX7, RTF1, PSMD5, FOSL1, KDM5D, KMT5B, KDM7A, TBL1XR1, LEF1, PADI2, 
PFKM, PRKCE, PRKCB, PRKD1, PRKCQ, NCOA1, DGAT1, UBE2K, TPPP, JMJD1C, MDM4, ATPAF1, KMT2D, ING3, PPM1A, CTCFL, TMEM33, SEC16A, TOR1A, 
CHD1, SYNPO, GEMIN5, PIK3R2, CHD3, EHD4, DNM1L, MAP1A, CREB1, SIRT6, COL5A2, SIRT1, ATXN7L3, GMFB, PPP1R9B, PRLR, RPL13A, CDAN1, ATXN7, 
KDM4C, IRF4 
1.243131127 0.99453122 0.015520044 1.347607317 
GO:0044085~cellular component 
biogenesis 
214 15.68914956 6.87E-04 
CALHM1, CHMP3, FASTKD2, SURF6, SNCA, FGFRL1, SHKBP1, S1PR2, KIF13A, VPS4A, DBNL, DAB2IP, GJD3, GBP5, ROCK1, RAP1GDS1, BSN, MYH9, PCLO, 
FARP2, OGFOD1, NOP2, HNF4A, SERPINF2, MCIDAS, VEGFA, PDGFRA, PDGFRB, ATPIF1, ADD2, ALDOA, TNRC18, CRTC1, DAG1, EPHB2, ACE, PVRL1, PVRL2, 
ISY1, CDA, TNKS, FCHO2, RPS24, HIP1, MAP2K1, SMAD4, YTHDC1, SKI, NOTCH1, PKP4, TMOD2, POP4, LIMA1, LZTS2, HNF1A, AP1B1, CRNKL1, WASF1, 
GLRA3, MITF, SYNJ1, NAP1L1, VPS37B, NAP1L5, TRAPPC6A, MAPT, GPX3, EEF2K, TUBB1, SH3PXD2B, STX1A, ANP32B, POGZ, FLOT2, SDK2, KCTD21, TP53, 
MYADM, CIAO1, ANKRD23, PLA2G6, KCNH7, SRGAP2, PARVA, RAP1GAP, PPFIA1, TH, ATG13, FKBP1A, KIT, GCH1, RAB43, MPV17L2, BCL2, LRRTM2, AGO4, 
BAZ2A, TBC1D2, SHMT1, SWAP70, SNAI1, TRIM21, TP73, TTC19, CDH13, PLN, SVIP, ADGRL1, TP53INP2, LRP4, TP53INP1, RNASEL, KCNC3, SLC6A1, MAF1, 
VCL, WNT1, ATG5, ANK2, ANK3, TBC1D13, LGI1, SAR1A, DISC1, ATG9A, SCUBE3, IRS1, GRHL2, TBC1D22A, MRTO4, MAP4K4, SLITRK4, CELF2, RELN, VAMP2, 
STMN1, CLIP3, MFAP4, MAP7D3, CAV3, SNX9, STRAP, DRD2, KCNA2, ONECUT2, ORAOV1, SRC, KCNS2, CNOT6L, TBC1D30, BMF, FGD3, PARD6B, TSR1, 
MYO1C, PODXL, AK3, WIPI2, FOXP1, CORO1C, IKBKE, THSD4, DNAJB2, DNAJB1, NDUFAF6, FAM175B, PRKAG1, RHOQ, PEX3, PIP5K1A, FES, SPICE1, TRIM9, 
CNTNAP1, PSMD5, FOSL1, CCDC88A, NRXN2, PRKCH, DIEXF, PFKM, PRKCE, BBS1, PRKCQ, DGAT1, XIRP1, ATG4B, UBE2K, TPPP, MDM4, ATPAF1, ABLIM1, 
ABLIM3, PPM1A, TMEM33, MARVELD3, TOR1A, SEC16A, NEDD4L, SYNPO, GEMIN5, PIK3R2, EHD4, PTPRD, DNM1L, CREB1, ASIC2, GMFB, PPP1R9B, PRLR, 
RPL13A, CDAN1, MYPN, EVI5L 
1.229512804 0.994714659 0.015574504 1.356374377 
GO:0043279~response to alkaloid 28 2.052785924 6.89E-04 
OPRM1, ALDOA, SLC6A1, DRD2, SLC6A3, PPARG, SNCA, TH, FKBP1A, PEA15, BCL2, SERPINE1, MYC, GNAO1, NOS1, CREB1, TP53, FOSB, ATP1A2, PRKCE, 
IRS1, CRHR1, PPP1R9B, PLCG1, HDAC1, SMPD1, HTR2C, HTR2A 
2.013274598 0.994792712 0.015572097 1.36019716 
GO:0009725~response to hormone 104 7.624633431 6.92E-04 
RNASEL, LDHA, SLC6A1, PGF, LHCGR, CBX3, RORA, SLC2A8, WNT1, CRY2, PLOD1, PAPPA, GATA3, SERPINE1, RARB, NQO1, MTUS1, PID1, PDXK, SOGA1, YY1, 
STRN3, SOCS7, FGF23, HNF4G, IRS1, PPARGC1B, CRHR1, UCN2, HNF4A, VEGFA, PDGFRA, PDGFRB, STC1, RELN, VAMP2, GLP1R, ALDOA, HMGCS1, DAG1, 
PAQR7, PAQR8, NR2C2, SRC, GPR22, ACE, IDH1, MUC2, ESRRA, MAP2K1, MET, IL1RN, NR4A2, MSTN, USF1, NOTCH1, NR1I2, UCP3, MARCKS, AREG, NCOR2, 
ARSB, CREBRF, CPEB2, PPARG, NAP1L1, RHOQ, MBP, GPX3, EEF2K, PLCB1, FOSL1, MYC, ADIPOR2, LEF1, CFTR, FOSB, IL6R, PRKCE, PRKCB, INHBB, PRKCQ, 
NCOA1, CCND1, DGAT1, CALCR, KMT2D, TH, KIT, ACSL1, RPL32, XBP1, BCL2, PIK3R2, NOS1, CREB1, RCAN1, ATP1A2, SIRT1, PPP1R9B, PRLR, PLN, IRF1, DPYD 
1.376965515 0.994900804 0.015587571 1.365586634 
GO:0009306~protein secretion 52 3.812316716 7.15E-04 
OPRM1, HNF1A, SRCIN1, VTCN1, ADCY5, SYT9, ILDR2, SIDT2, PNP, LGR4, SLC16A1, ATG5, GATA3, MS4A2, GBP5, CFTR, PFKM, PRKCE, PCLO, IRS1, INHBB, 
PRKCQ, MAP4K4, MYRIP, ACVR2B, DGAT1, HNF4A, LYST, PLA2G6, TREM1, GLP1R, CLOCK, DRD2, SOX4, MYT1, FKBP1B, SRC, XBP1, GOLPH3L, PER2, CSF1R, 
DNM1L, NOS1, IL1RN, FOXP3, SIRT1, FOXP1, NOTCH2, NOTCH1, PLCG1, HDAC1, CACNA1E 
1.61727106 0.995742391 0.016068457 1.41191853 
GO:0009790~embryo development 103 7.551319648 7.17E-04 
VPS52, HS2ST1, WNT1, GATA3, GAB1, COL12A1, RARB, TWIST2, RECK, SATB2, RET, EFNB1, SIX3, PTPRR, DLL1, MYH9, GRHL2, HNF4A, TANC2, EIF2S2, 
FOXG1, VEGFA, PDGFRA, PDGFRB, TGIF2, RAD23B, PPP2R3A, SYVN1, HOXA13, DAG1, LRIG1, SOX4, GREM2, NR2C2, EPHB2, ECE1, OVOL2, MYO15A, FBXW4, 
AXIN2, ASXL2, ABR, MAP2K1, IL1RN, SMAD4, SKI, GAS1, FOXP1, CDKN1C, NOTCH2, NOTCH1, DLX1, HDAC1, PLCG1, ZIC5, FOXI1, BMP8B, NCOR2, KLF4, 
NRP2, HNF1A, NDST1, ZEB1, HSBP1, PAX7, RTF1, PLCB1, FOSL1, MYC, TP53, LEF1, MYADM, MYCN, MFN2, NCOA1, ACVR2B, CLIC5, WNT9B, SEMA4C, NSD1, 
EPN2, KMT2D, TH, KITLG, KIT, APLNR, SPEG, POU2F1, ACSL4, INPP5B, TLX2, GRSF1, AFF3, COL5A2, SNAI1, WNT2B, DUSP4, DKK1, SP2, DSC3, KDM4C, 
POFUT1, LRP4 
1.37880814 0.995803825 0.016063611 1.41565089 
GO:0042391~regulation of membrane 
potential 
43 3.152492669 7.21E-04 
OPRM1, CAV3, NETO2, SCN1A, CRTC1, KCNA2, SNCA, SRC, RIMS4, NETO1, TPCN2, RIMS3, S1PR2, KCNQ3, ANK2, ANK3, BCL2, SLC25A27, NEDD4L, MYC, 
HCN3, PID1, STX1A, SCN2B, NOS1AP, IL1RN, MET, ASIC2, CFTR, CACNG2, DGKI, PRKCE, KCNK3, XIRP1, NEDD4, SLC26A9, KCNH7, AKAP6, CACNA1E, ATPIF1, 
RELN, SCN4A, BCO2 
1.711086415 0.99593494 0.016108746 1.423802497 
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GO:0008285~negative regulation of cell 
proliferation 
66 4.838709677 7.24E-04 
E2F3, LZTS2, FGFRL1, PPARG, ZEB1, CBFA2T3, WISP2, MYOCD, PEX2, GATA3, WDR77, RARB, FOSL1, MYC, TWIST2, DAB2IP, PTPRM, TP53, DLL1, CDK6, 
MFN2, TNS2, HNF4A, XIRP1, TRIM32, TBRG1, ATPIF1, PLA2G2F, RAP1GAP, DRD2, STRAP, SOX4, BDKRB2, OVOL2, BCL2, BCL11B, MARVELD3, OVOL1, PER2, 
BCL6, INPP5D, AXIN2, CSF1R, MUC2, NOS1, MAP2K1, SMAD4, LMNA, PTPN14, MSTN, SIRT6, SKI, GAS1, FOXP3, TP73, CDKN1C, NOTCH2, CDH13, NOTCH1, 
HDAC1, IRF1, DNAJB2, IGFBP3, KLF4, RNF41, TP53INP1 
1.516782151 0.996014131 0.016118681 1.428853856 
GO:0019725~cellular homeostasis 78 5.718475073 7.34E-04 
OPRM1, JPH3, TUSC3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, DNAJC16, ATG5, ANK2, SERPINE1, MS4A2, SLC25A27, MYC, DISC1, TP53, RAP1GDS1, 
FGF23, CFTR, PFKM, PRKCE, PRKCB, PRKD1, CRHR1, MAP4K4, MAGT1, TNS2, UBE2K, SLC26A9, PGM1, TRIM32, PDGFRA, AKAP6, PLA2G6, STC1, ORMDL3, 
GLP1R, GPR12, CALCR, CAV3, ALDOA, GLRX5, DRD2, CCR1, TH, SOX4, HK1, FKBP1A, BDKRB2, MYT1, FKBP1B, TPCN2, CALCA, NPTX1, ACE, XBP1, BCL2, 
SLC31A2, PIK3R2, NOS1, SLC12A2, SWAP70, PDK3, MET, SMAD4, MSTN, ATP1A2, SIRT1, TMPRSS6, KCNK3, ERP44, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.45804167 0.996303026 0.016288871 1.448170761 
GO:0051961~negative regulation of 
nervous system development 
37 2.712609971 7.46E-04 GFAP, RAP1GAP, ADCY5, JAG1, LIN28A, HOOK3, EPHB2, MBP, FAT3, XYLT1, RAB29, SEMA3E, ANP32A, NFATC4, TLX2, DIXDC1, SIX3, TP53, ZHX2, DLL1, SKI, 
TP73, MYCN, NOTCH3, SEMA6A, EPHA4, MAP4K4, DLX1, NOTCH1, SEMA4F, FOXG1, CNTN2, SEMA4C, NEUROD2, SEMA4B, LRP4, SRGAP2 
1.797326128 0.996646087 0.016521724 1.473167751 
GO:2001233~regulation of apoptotic 
signaling pathway 
44 3.225806452 7.56E-04 
ZMYND11, SYVN1, BDKRB2, SRC, PEA15, MOAP1, XBP1, BCL2, SERPINE1, CREB3L1, NFATC4, RNF34, CASP2, BMF, MYC, AGAP2, PGAP2, DAB2IP, RET, 
DNM1L, LMNA, TP53, NR4A2, RAD9A, MAL, HGF, TMBIM1, GAS1, DAPK2, SNAI1, SIRT1, TP73, INHBB, EI24, HDAC1, TRPS1, VEGFA, TRIM32, MNT, PLA2G6, 
ATPIF1, PSME3, FAIM2, TP53INP1 
1.695148222 0.996880481 0.016681674 1.491759547 
GO:0044087~regulation of cellular 
component biogenesis 
77 5.64516129 7.62E-04 
HNF1A, CHMP3, WASF1, MITF, SNCA, VPS37B, RHOQ, FES, SPICE1, WNT1, ATG5, TRIM9, MAPT, TBC1D13, EEF2K, VPS4A, SAR1A, FOSL1, DBNL, DAB2IP, 
STX1A, GBP5, ROCK1, TP53, PRKCH, MYH9, PRKCE, MYADM, TBC1D22A, FARP2, PRKCQ, SLITRK4, ANKRD23, HNF4A, SERPINF2, TPPP, VEGFA, PLA2G6, 
CLIP3, STMN1, ADD2, CAV3, SNX9, RAP1GAP, PPFIA1, DAG1, PPM1A, KIT, SRC, EPHB2, ACE, PVRL1, CNOT6L, LRRTM2, NEDD4L, TBC1D30, BMF, TBC1D2, 
PIK3R2, SYNPO, DNM1L, MYO1C, SWAP70, CREB1, PODXL, ASIC2, SNAI1, GMFB, CORO1C, NOTCH1, RPL13A, TMOD2, DNAJB2, SVIP, EVI5L, DNAJB1, 
ADGRL1 
1.460018328 0.997031681 0.016775602 1.504507214 
GO:0080135~regulation of cellular 
response to stress 
73 5.351906158 7.80E-04 
CREBRF, CRNKL1, SLC6A1, SNCA, PEX3, PDCD4, ATG5, MDFIC, XYLT1, GAB1, CREB3L1, SPRED1, PLCB1, MYC, PGAP2, DAB2IP, ZDHHC8, TP53, CHST3, CDK6, 
RAD9A, ZCCHC17, MAP4K4, SERPINF2, VEGFA, TRIM32, SEMA4C, ATPIF1, NGB, TREM1, CAV3, ZMYND11, SYVN1, FUT8, ATG13, CALCOCO2, HK1, ULK4, 
BDKRB2, FKBP1B, NR2C2, GCH1, RIMS3, CALCB, GMIP, XBP1, MARVELD3, RNF169, BCL6, PAFAH1B2, AXIN2, DIXDC1, DNM1L, MAP2K1, MAP1A, MET, 
IL1RN, MSTN, WHSC1, SIRT6, HGF, MID1, SNAI1, SIRT1, TP73, KCNK3, SGTA, FAM131B, TBC1D25, EPHA4, MEX3C, SVIP, KLF4 
1.476708477 0.997398911 0.017103708 1.538384393 
GO:1903522~regulation of blood 
circulation 
32 2.346041056 7.96E-04 
CAV3, GNAI2, DRD2, TH, FKBP1B, CALCA, ECE1, ANK2, PDE4B, PER2, NEDD4L, GNAO1, NOS1, PTPRM, SCN2B, NOS1AP, MAP2K1, ASIC2, CFTR, ATP1A2, 
SIRT1, PRKCQ, PLN, PLA2G6, AKAP6, CACNA1E, STC1, MDM4, HTR2C, GLP1R, ADRA1D, HTR2A 
1.889344803 0.997708441 0.017414568 1.570873773 
GO:0072659~protein localization to 
plasma membrane 
29 2.126099707 8.37E-04 
PACS1, CALCR, CAV3, PPP2R5A, PPFIA1, PPIL2, RHOQ, PIP5K1A, KIF13A, ZDHHC23, TSPAN33, ANK2, ANK3, LYPLAL1, FCHO2, PIK3R2, PID1, GPR158, CNST, 
ROCK1, FLOT2, TSPAN14, CRB3, TMBIM1, MYADM, BBS1, PPP1R9B, VAMP2, CLIP3 
1.959096777 0.998325344 0.018252541 1.651251027 
GO:0010243~response to organonitrogen 
compound 
97 7.11143695 8.51E-04 
LDHA, RNASEL, SLC6A1, SLC6A3, SNCA, JAG1, SLC2A8, WNT1, CRY2, SERPINE1, PDE4B, MTUS1, PID1, PDXK, SOGA1, SOCS7, UBR1, IRS1, PPARGC1B, CRHR1, 
THBD, HNF4A, VEGFA, PDGFRA, AKAP6, RELN, STC1, VAMP2, GLP1R, ALDOA, DRD2, DAG1, HMGCS1, NFKBIA, RRAGD, SRC, PEA15, GPR22, CDA, HCN3, 
KLF6, ESRRA, IL1RN, MET, NR4A2, MSTN, USF1, NOTCH1, PLCG1, HDAC1, UCP3, MARCKS, AREG, NCOR2, KLF4, OPRM1, CPEB2, CPEB3, GLRA3, PPARG, 
NAP1L1, RHOQ, ZEB1, EEF2K, PLCB1, GPIHBP1, FOSL1, MYC, TP53, CFTR, IL6R, FOSB, PRKCE, PRKCB, INHBB, PRKCQ, CCND1, TH, FKBP1A, XBP1, BCL2, 
PIK3R2, SHMT1, GNAO1, NOS1, CREB1, ATP1A2, COL5A2, SIRT1, TP73, PPP1R9B, RPL13A, PLN, IRF1, SMPD1, HTR2C, HTR2A 
1.386674018 0.998488854 0.018490384 1.677567397 
GO:0016571~histone methylation 20 1.46627566 8.88E-04 ASXL2, SATB1, KMT2D, ARID4A, ARID4B, SMAD4, CTCFL, WHSC1, SIRT1, PHF19, PRMT2, XBP1, GATA3, PAX7, RTF1, KDM4C, NSD1, BAZ2A, SUPT6H, KMT5B 2.323894108 0.998866321 0.019245876 1.751146504 
GO:0006470~protein dephosphorylation 39 2.859237537 8.92E-04 
CTTNBP2NL, CTDSPL, PPP2R5A, DRD2, PPP3R1, PPM1A, FKBP1A, FKBP1B, PPP1R16B, CRY2, BCL2, LMTK3, DLG3, CTDSP2, SPRED1, PTPRB, PTPRD, PTPRM, 
CNST, NCEH1, PTPN18, ROCK1, SWAP70, RIMBP2, PPP1R11, PTPN14, ARPP19, PTPRR, RCAN1, LHPP, CDC25A, PPARGC1B, DUSP4, PPP1R9B, CSRNP3, 
SMPD1, PDGFRB, AKAP6, PPM1M 
1.748299965 0.998897282 0.019269011 1.758232619 
GO:0010506~regulation of autophagy 38 2.785923754 8.96E-04 
CRNKL1, SLC6A1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, TPCN2, CALCB, ATG5, GMIP, XBP1, MAPT, BCL2, PAFAH1B2, PIK3R2, DNM1L, SOGA1, 
MAP2K1, ZDHHC8, MAP1A, TP53, CHST3, MSTN, ZCCHC17, SIRT1, TRIM21, FAM131B, KCNK3, TBC1D25, ATG4B, MEX3C, SVIP, ATPIF1, TREM1, TP53INP2, 
TP53INP1 
1.763338181 0.998930874 0.019301085 1.766149041 
GO:0033554~cellular response to stress 157 11.51026393 8.98E-04 
SLC6A1, SNCA, RORA, CXCL10, WNT1, PTGIS, CRY2, ATG5, MYOCD, MDFIC, SERPINE1, GAB1, CREB3L1, SPRED1, NQO1, RNF34, DAB2IP, ATG9A, YY1, RAD9B, 
RAD9A, FOXN3, PPARGC1B, MAP4K4, UCN2, HNF4A, SERPINF2, VEGFA, TRIM32, PDGFRA, NFE2L1, ATPIF1, STC1, NGB, CAV3, RAD23B, SCN1A, SYVN1, 
SIPA1, SOX4, UBA5, BDKRB2, ULK4, RRAGD, SRC, NR2C2, CALU, RIMS3, IRAK4, SLX4, PEA15, GMIP, STX17, RNF169, AXIN2, KLF6, DIXDC1, MAP2K1, IL1RN, 
MET, NR4A2, MSTN, WHSC1, HGF, OXSR1, WIPI2, KCNK3, FAM131B, TBC1D25, EPHA4, IKBKE, EI24, NOTCH1, UACA, HDAC1, UBA1, NEDD4, DNAJB2, KLF4, 
CREBRF, GFAP, FAM175B, CPEB2, CRNKL1, PPARG, PEX3, PDCD4, TMEM109, XYLT1, MAPT, CDIP1, EEF2K, PLCB1, MYC, CASP2, PGAP2, NOS1AP, ZDHHC8, 
TP53, CHST3, ERLIN1, CDK6, PRKCE, ZCCHC17, PRKD1, INHBB, CCND1, XPC, ATG4B, UBE2K, WNT9B, SEMA4C, PLA2G6, MDM4, TREM1, MAP3K14, CLOCK, 
ZMYND11, FUT8, UNG, ATG13, HK1, CALCOCO2, BCCIP, FKBP1B, GCH1, CALCB, MOAP1, XBP1, BCL2, MARVELD3, TOR1A, BCL6, NFATC4, PAFAH1B2, 
PIK3R2, DNM1L, PDK3, MAP1A, AXL, LMNA, TNP1, SIRT6, MID1, SNAI1, BRAT1, SIRT1, TP73, SGTA, WNT2B, ERP44, MEX3C, ZBTB4, DGKZ, SVIP, TP53INP2, 
TP53INP1 
1.275347367 0.998948904 0.019294171 1.770500989 
GO:0043401~steroid hormone mediated 
signaling pathway 13 0.953079179 9.25E-04 CREBRF, ESRRA, NR1I2, HNF4A, PPARG, NR4A2, LEF1, PAQR7, PAQR8, RORA, HNF4G, RARB, NR2C2 3.045425746 0.99914028 0.019798284 1.821912763 
GO:0045670~regulation of osteoclast 
differentiation 13 0.953079179 9.25E-04 ASXL2, CLDN18, ESRRA, CREB1, CCR1, MITF, PPARGC1B, CALCA, NOTCH2, GPR55, INPP5D, TOB2, CSF1R 3.045425746 0.99914028 0.019798284 1.821912763 
GO:0006820~anion transport 59 4.325513196 9.31E-04 
CALHM1, SLC16A14, HNF1A, SLC6A1, SLC22A12, GLRA3, LHCGR, PPARG, SNCA, PEX3, SLC7A6, SLC16A1, CRY2, NMUR1, MYC, GABRG3, FGF23, SLC7A10, 
CFTR, PRKCB, PNPLA8, GRM7, CLIC5, SLC26A9, PLA2G6, SLC38A1, VAMP2, PCYOX1, SLC27A4, RAB3B, DRD2, NFKBIE, ABCD1, KCNA2, HK1, SNX4, BDKRB2, 
SLCO2A1, ACE, ACSL1, BEST1, SERINC1, TOR1A, PER2, SLC4A7, SLCO3A1, ACSL4, NOS1, SLC12A2, GABRA3, IL1RN, SLC6A14, SLC6A17, SLC10A2, SLC7A2, 
GRK6, HTR2C, NAT8L, HTR2A 
1.544028743 0.999184273 0.019888352 1.835344779 
GO:0016050~vesicle organization 28 2.052785924 9.32E-04 SNX9, SYT1, CHMP3, AP1B1, BET1, VPS37B, SNX4, EEA1, GPR143, KIF13A, TRAPPC6A, TRIM9, STX17, RAB29, BCL2, SEC16A, PVRL2, VPS4A, FCHO2, SAR1A, 
HIP1, STX1A, CREB1, VTI1A, ZDHHC15, LYST, VAMP2, SNX30 
1.974181888 0.999186823 0.019841533 1.836145351 
GO:0031400~negative regulation of 
protein modification process 62 4.545454545 9.57E-04 
DYNC1LI1, SRCIN1, CTDSPL, SNCA, PDCD4, WNT1, CRY2, ATG5, MYOCD, ANP32A, DLG3, CTDSP2, SPRED1, PID1, DAB2IP, ANKS1A, ROCK1, RIMBP2, PTPRR, 
SOCS4, PRKCE, MYADM, PKIA, HNF4A, SUPT6H, CAV3, ZMYND11, RTN4RL1, STRAP, DAG1, SOX4, FKBP1A, BDKRB2, FKBP1B, PPP1R16B, MARVELD3, PER2, 
LMTK3, MLLT1, CNST, NOS1, SWAP70, MET, PPP1R11, HGF, FOXP3, SIRT1, TP73, TRIM21, CORO1C, CDKN1C, DUSP4, PPP1R9B, DKK1, CSRNP3, HDAC1, 
IRF1, SMPD1, KDM4C, DNAJB2, IGFBP3, KLF4 
1.523703835 0.999326486 0.020305069 1.88431751 
GO:0032101~regulation of response to 
external stimulus 
86 6.304985337 9.62E-04 
OPRM1, CRNKL1, SLC6A1, SLC6A3, PPARG, TNFSF14, RNF216, RORA, PEX3, CXCL11, CXCL10, CD47, TMEM173, GP5, PTGIS, ATG5, XYLT1, TKFC, HPSE, 
GATA3, SERPINE1, SEMA3E, LTF, MTUS1, GBP5, ZDHHC8, TP53, CHST3, PADI2, DAPK2, ZCCHC17, PRKD1, PRKCQ, THBD, SEMA4F, SERPINF2, VEGFA, 
PDGFRA, SEMA4C, PDGFRB, SEMA4B, ATPIF1, TREM1, VAMP2, CLOCK, SCN1A, DRD2, CCR1, ATG13, CALCOCO2, HK1, SNX4, FAM46A, FKBP1B, NR2C2, 
RIMS3, CALCB, ACE, GMIP, BCL6, PAFAH1B2, DNM1L, ABR, MAP2K1, SWAP70, MAP1A, MET, ASIC2, MSTN, STAB2, HGF, FOXP3, SIRT1, TMPRSS6, FOXP1, 
FAM131B, KCNK3, TBC1D25, CDH13, EPHA4, SEMA6A, NOTCH1, UACA, SLC7A2, MEX3C, KLF4 
1.414601453 0.999351915 0.02035439 1.894153238 
GO:0051588~regulation of 
neurotransmitter transport 
14 1.026392962 9.94E-04 RAB3B, STX1A, GFAP, KCNC3, NOS1, DRD2, SNCA, RIMS4, RIMS3, TOR1A, SYN2, PER2, HTR2C, NAT8L 2.863954006 0.999492127 0.020965041 1.956433195 
GO:0051279~regulation of release of 
sequestered calcium ion into cytosol 
14 1.026392962 9.94E-04 LHCGR, SNCA, FKBP1A, CXCL11, PRKCE, FKBP1B, CXCL10, PRKD1, ANK2, PLCG1, ATG5, PLN, MS4A2, AKAP6 2.863954006 0.999492127 0.020965041 1.956433195 
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GO:0009991~response to extracellular 
stimulus 86 6.304985337 9.96E-04 
ARSB, OPRM1, LDHA, SLC6A1, CRNKL1, PPARG, ZEB1, PEX3, CXCL10, SLC16A1, ATG5, MYOCD, MAPT, SERPINE1, NQO1, FOSL1, TBL1XR1, ATG9A, PDXK, 
ZDHHC8, TP53, ADIPOR2, FGF23, CHST3, ZCCHC17, PRKCB, INHBB, CCND1, NCOA1, UCN2, ATG4B, CLIC5, VEGFA, WNT9B, ATPIF1, STC1, TREM1, SLC27A4, 
SCN1A, SIPA1, ATG13, TH, HMGCS1, CALCOCO2, HK1, RRAGD, FKBP1B, NR2C2, SRC, TPCN2, RIMS3, CALCB, ACE, ACSL1, GMIP, XBP1, RASGRP4, BCL2, 
STX17, PAFAH1B2, ACSL4, MUC2, DNM1L, NOS1, MAP2K1, MAP1A, IL1RN, NR4A2, AK3, AXL, MSTN, SIRT6, WIPI2, USF1, SIRT1, FAM131B, KCNK3, WNT2B, 
TBC1D25, UCP3, MEX3C, DPYD, HTR2C, BMP8B, TP53INP2, TP53INP1 
1.413001225 0.999502288 0.020962376 1.961594621 
GO:0045666~positive regulation of neuron 
differentiation 43 3.152492669 0.001004069 
ARSB, SYT1, CPEB3, CRTC1, ZEB1, FES, LIN28A, FKBP1B, BRINP1, TRIM67, MAPT, BCL2, EEF2K, BCL6, RARB, NEDD4L, LRRC7, RAB21, DISC1, DIXDC1, RET, 
PTPRD, DAB2IP, MAP2K1, MET, HGF, SIRT1, NUMBL, PRKD1, EPHA4, NCOA1, FOXG1, HEYL, TRIM32, VEGFA, RGS6, NEUROD2, KDM4C, MARCKS, RELN, 
TGIF2, CUX1, TCF12 
1.683413858 0.999531464 0.021069037 1.977019766 
GO:0051238~sequestering of metal ion 17 1.246334311 0.001014906 JPH3, DRD2, LHCGR, SNCA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, ANK2, PLCG1, PLN, AKAP6, HTR2C, GLP1R, HTR2A 2.51952805 0.999568688 0.021235765 1.998154721 
GO:0008015~blood circulation 49 3.592375367 0.001024911 
PPARG, MRVI1, ATG5, ANK2, PDE4B, GUCY1A3, PTPRM, NOS1AP, SCN2B, RAP1GDS1, CFTR, DLL1, PRKCQ, NAV2, SERPINF2, VEGFA, AKAP6, PLA2G6, STC1, 
MDM4, GLP1R, CAV3, GNAI2, DRD2, TH, BDKRB2, FKBP1B, GCH1, CALCA, ACE, ECE1, PER2, NEDD4L, DNM1L, ABR, NOS1, GNAO1, MAP2K1, MET, ASIC2, 
ATP1A2, SIRT1, AGTRAP, KCNJ8, PLN, CACNA1E, HTR2C, ADRA1D, HTR2A 
1.617483115 0.999600423 0.021384351 2.017662007 
GO:0010522~regulation of calcium ion 
transport into cytosol 
16 1.173020528 0.001031636 LHCGR, SNCA, FKBP1A, CXCL11, PRKCE, FKBP1B, CXCL10, PRKD1, CALCA, ANK2, PLCG1, ATG5, PLN, BCL2, AKAP6, MS4A2 2.611116975 0.999620434 0.02146458 2.030773933 
GO:0045665~negative regulation of 
neuron differentiation 
29 2.126099707 0.001039436 GFAP, RAP1GAP, ADCY5, JAG1, MBP, EPHB2, FAT3, XYLT1, RAB29, SEMA3E, ANP32A, NFATC4, TLX2, DIXDC1, SIX3, ZHX2, DLL1, TP73, NOTCH3, EPHA4, 
SEMA6A, MAP4K4, NOTCH1, SEMA4F, FOXG1, CNTN2, SEMA4C, SEMA4B, LRP4 
1.932136729 0.999642388 0.021566414 2.045977318 
GO:0031329~regulation of cellular 
catabolic process 66 4.838709677 0.001056299 
DYNC1LI1, CRNKL1, SLC6A1, CPEB3, SNCA, PEX3, CBFA2T3, WNT1, ATG5, MAPT, MYC, DISC1, DAB2IP, ANKS1A, SOGA1, ZDHHC8, TP53, CHST3, SOCS4, 
IRS1, ZCCHC17, PSME1, UBE2K, ATG4B, ATPIF1, PSME3, TREM1, RAD23B, SNX9, PFKFB3, ATG13, CALCOCO2, HK1, NR2C2, RIMS3, TPCN2, CALCB, AMER1, 
TRIM67, GMIP, XBP1, BCL2, IDH1, PAFAH1B2, TNRC6B, PIK3R2, DNM1L, MAP2K1, MAP1A, CDC23, MSTN, SIRT6, SIRT1, TRIM21, KCNK3, SGTA, FAM131B, 
TBC1D25, HSPBP1, MEX3C, DNAJB2, SVIP, IGFBP3, TP53INP2, TP53INP1, HTR2A 
1.495485678 0.999685611 0.021853242 2.078839935 
GO:0007613~memory 20 1.46627566 0.001079981 JPH3, B4GALT2, DRD2, CPEB3, CRTC1, CREB1, IL1RN, TH, RCAN1, CALB1, NETO1, CRHR1, CHST10, MAPT, GRM7, PLA2G6, RELN, PLCB1, GLP1R, HTR2A 2.28729735 0.999737639 0.022277582 2.12497267 
GO:0048598~embryonic morphogenesis 65 4.765395894 0.001089025 
HNF1A, NDST1, ZEB1, HSBP1, HS2ST1, WNT1, GATA3, RTF1, COL12A1, RARB, MYC, TWIST2, RECK, SATB2, RET, SIX3, TP53, LEF1, DLL1, MYADM, GRHL2, 
MYCN, ACVR2B, NCOA1, CLIC5, FOXG1, WNT9B, SEMA4C, PDGFRA, NSD1, HOXA13, TH, DAG1, LRIG1, SOX4, GREM2, EPHB2, APLNR, ECE1, OVOL2, 
MYO15A, FBXW4, POU2F1, TLX2, ASXL2, ABR, IL1RN, GRSF1, SMAD4, AFF3, SKI, GAS1, SNAI1, COL5A2, CDKN1C, NOTCH2, DUSP4, NOTCH1, DKK1, HDAC1, 
ZIC5, FOXI1, LRP4, BMP8B, KLF4 
1.498542827 0.999755154 0.022401619 2.142585627 
GO:0008284~positive regulation of cell 
proliferation 85 6.231671554 0.001090578 
E2F3, GFAP, MARCKSL1, VTCN1, PGF, TPD52, PNP, CXCL10, CD47, WNT1, MYOCD, HPSE, PAX7, SERPINE1, WDR77, LTF, TGFA, SLC25A27, RARB, AGAP2, 
MYC, DISC1, TWIST2, FNDC3B, PID1, DAB2IP, ANP32B, TAF4B, EFNB1, LEF1, PRKCH, CDK6, DLL1, IL6R, IRS1, MYCN, PRKD1, PRKCQ, CCND1, SERPINF2, ADK, 
FOXG1, VEGFA, PDGFRA, PDGFRB, MDM4, ATXN1L, GLP1R, CAV3, KMT2D, FZR1, GCNT2, GNAI2, DRD2, SOX4, KITLG, KIT, LIN28A, IRAK4, PPP1R16B, XBP1, 
CNOT6L, BCL2, FBXW4, BCL6, CSF1R, THPO, PLAG1, SMAD4, ROGDI, SIRT6, GAS1, HGF, FOXP3, SIRT1, FOXP1, FOXP2, NOTCH3, NOTCH2, CDH13, NOTCH1, 
HDAC1, KDM4C, AREG, HTR2A 
1.410935708 0.99975804 0.022372937 2.145608595 
GO:0060070~canonical Wnt signaling 
pathway 
29 2.126099707 0.001115642 
LZTS2, PPP2R3A, MITF, CTNND1, SOX4, SRC, LGR4, WNT1, AMER1, RSPO1, GATA3, BCL9L, TNKS, AXIN2, MYC, DISC1, MLLT3, TBL1XR1, DIXDC1, DAB2IP, 
LEF1, WNT2B, CCND1, NOTCH1, DKK1, HDAC1, WNT9B, LRP4, KLF4 
1.923314187 0.999800204 0.022820178 2.194401855 
GO:0001755~neural crest cell migration 12 0.879765396 0.001125618 NRP2, CORO1C, SEMA6A, RET, OVOL2, SEMA4F, EFNB1, SEMA3E, SEMA4C, LEF1, KITLG, SEMA4B 3.16894651 0.999814866 0.022960491 2.213817261 
GO:0016049~cell growth 49 3.592375367 0.001127303 
NRP2, SYT1, PPARG, VCL, PRMT2, MYOCD, MAPT, SEMA3E, LGI1, RAB21, DISC1, DAB2IP, TP53, ADIPOR2, LEF1, IL6R, HNF4A, SEMA4F, TRIM32, VEGFA, 
SEMA4C, AKAP6, SEMA4B, CAV3, KMT2D, NRN1, ALCAM, RASGRP4, XBP1, BCL2, CDA, BCL6, NEDD4L, ACSL4, DCX, SEC61A1, SMAD4, SIRT6, GAS1, RAPH1, 
SIRT1, BRAT1, SEMA6A, PPP1R9B, NOTCH2, EI24, CXCL16, MEX3C, DNAJB2 
1.610164187 0.999817233 0.022933215 2.21709569 
GO:0006644~phospholipid metabolic 
process 38 2.785923754 0.001130706 
PLPP5, DRD2, SGPP1, SYNJ1, SNCA, PLPPR2, PIP5K1A, SRC, CDS2, LPCAT1, SERINC1, IDH1, ABHD12, INPP5D, PLCB1, INPP5B, CSF1R, PIK3R2, PGAP2, DAB2IP, 
PIGZ, PLA2G15, PI4KB, IRS1, TMEM55A, PNPLA8, NAPEPLD, PLCG1, LYST, PDGFRA, SMPD1, PLA2G6, PDGFRB, HTR2C, KLF4, PLA2G2F, HTR2A, PLA2G4D 1.741087857 0.999821924 0.022940566 2.223717615 
GO:0018205~peptidyl-lysine modification 38 2.785923754 0.001130706 
KMT2D, ING3, HNF1A, ARID4A, ARID4B, SNCA, SOX4, JADE2, NAA50, PLOD1, MYOCD, ATG5, BRPF3, GATA3, RTF1, ANP32A, BAZ2A, KMT5B, ASXL2, NOS1, 
TAF5, SMAD4, LEF1, WHSC1, FAM76A, FOXP3, SIRT1, MSL2, SENP3, NCOA1, PHF19, RPS6KA4, HDAC1, KDM4C, IRF4, NSD1, CLOCK, SUPT6H 1.741087857 0.999821924 0.022940566 2.223717615 
GO:0072080~nephron tubule 
development 17 1.246334311 0.00113488 PGF, SMAD4, DLL1, JAG1, CALB1, LGR4, HS2ST1, WNT2B, WNT1, NOTCH1, FAT4, BCL2, GATA3, HEYL, VEGFA, WNT9B, MYC 2.494078272 0.999827512 0.022963294 2.231837872 
GO:0030100~regulation of endocytosis 28 2.052785924 0.001160277 
CAV3, RAP1GAP, DRD2, SNCA, PPARG, SYNJ1, SRC, CD47, ATG5, RSPO1, LRRTM2, TOR1A, SERPINE1, EEF2K, NEDD4L, RAB21, EHD4, HIP1, UNC119, ABR, 
RAB4A, AXL, DLL1, CDH13, DKK1, VEGFA, CLIP3, EPN2 1.945844348 0.999857934 0.023409391 2.281239037 
GO:0090276~regulation of peptide 
hormone secretion 28 2.052785924 0.001160277 
HNF1A, DRD2, ADCY5, PPARG, SYT9, SOX4, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, CFTR, PFKM, PRKCE, IRS1, SIRT1, INHBB, MAP4K4, MYRIP, 
HDAC1, HNF4A, PLA2G6, CACNA1E, HTR2C, CLOCK, GLP1R 1.945844348 0.999857934 0.023409391 2.281239037 
GO:0003179~heart valve morphogenesis 9 0.659824047 0.001162883 NOTCH2, NOTCH1, GATA3, FGFRL1, HEYL, SMAD4, SOX4, MDM4, JAG1 4.084970111 0.999860733 0.023399538 2.286305333 
GO:0070588~calcium ion transmembrane 
transport 
25 1.832844575 0.00117804 CALHM1, OPRM1, CAV3, JPH3, DRD2, CACNB1, CACNB3, FKBP1A, FKBP1B, TPCN2, ORAI3, ANK2, PDE4B, NOS1AP, CACNG4, CACNG2, ATP1A2, CACNA2D2, 
CRHR1, PLCG1, GRM7, PLN, PLA2G6, AKAP6, CACNA1E 
2.039935137 0.999875962 0.023638793 2.315776056 
GO:0016311~dephosphorylation 47 3.445747801 0.001189937 
CTTNBP2NL, PLPP5, CTDSPL, PFKFB3, PPP2R5A, DRD2, SGPP1, SYNJ1, PPP3R1, PPM1A, FKBP1A, PLPPR2, FKBP1B, PPP1R16B, CRY2, BCL2, LMTK3, DLG3, 
CTDSP2, INPP5D, SPRED1, INPP5B, PTPRB, PTPRD, PTPRM, CNST, NCEH1, PTPN18, ROCK1, SWAP70, RIMBP2, PTPN14, ARPP19, PTPRR, PPP1R11, RCAN1, 
LHPP, PPARGC1B, CDC25A, TMEM55A, DUSP4, PPP1R9B, CSRNP3, SMPD1, PDGFRB, AKAP6, PPM1M 
1.625342605 0.999886739 0.023812205 2.338899746 
GO:0042692~muscle cell differentiation 44 3.225806452 0.001214831 
CAV3, TNFSF14, ZEB1, RORA, NR2C2, CXCL10, WNT1, ANK2, MYOCD, ATG5, XBP1, SPEG, BCL2, MKX, NFATC4, RARB, PLCB1, FLOT2, MET, LMNA, LEF1, 
MSTN, DLL1, RCAN1, SKI, MYH9, CACNA2D2, FOXP1, NOTCH1, DKK1, ANKRD23, XIRP1, HDAC1, MYPN, VEGFA, TRIM32, TMOD2, SEMA4C, PDGFRA, 
PDGFRB, AKAP6, TMTC3, IGFBP3, NEK5 
1.65562404 0.999906356 0.024241067 2.387272776 
GO:0022411~cellular component 
disassembly 
43 3.152492669 0.001222638 
LIMA1, CRNKL1, SLC6A1, SYNJ1, HBS1L, ATG13, HK1, PEX3, NR2C2, RIMS3, CALCB, ATG5, GMIP, VPS4A, SH3PXD2B, DBNL, ATG9A, STMN3, MAP2K1, 
SWAP70, MAP1A, TP53, CHST3, TNP1, MSTN, MYH9, MID1, WIPI2, ZCCHC17, FAM131B, KCNK3, OGFOD1, PPP1R9B, PLEKHH2, ATG4B, MEX3C, TMOD2, 
ATPIF1, TREM1, STMN1, IGFBP3, ADD2, MAP6D1 
1.665457444 0.999911778 0.024331447 2.402437444 
GO:0051583~dopamine uptake involved in 
synaptic transmission 5 0.366568915 0.001245956 RAB3B, DRD2, SLC6A3, SNCA, NAT8L 9.077711358 0.999926175 0.024725549 2.447718576 
GO:0034770~histone H4-K20 methylation 5 0.366568915 0.001245956 ARID4A, ARID4B, WHSC1, BAZ2A, KMT5B 9.077711358 0.999926175 0.024725549 2.447718576 
GO:0009314~response to radiation 51 3.739002933 0.001280168 
OPRM1, PPARG, CXCL10, TMEM109, CRY2, AP1S2, GATA3, MYC, PDXK, HYAL3, YY1, TP53, RAD9B, RAD9A, IL6R, IRS1, CRHR1, CCND1, XPC, THBD, TRIM32, 
PGM1, MFAP4, CLOCK, DRD2, CRTC1, TH, HMGCS1, KIT, NETO1, BEST1, BCL2, NFATC4, B4GALT2, CREB1, ASIC2, ATP1A2, USF1, BRAT1, SIRT1, TP73, 
CDC25A, RDH11, PPP1R9B, EI24, UACA, RPL13A, NEDD4, CACNA1E, TP53INP1, OPN4 
1.582780442 0.999943157 0.025330416 2.514120897 
GO:0048646~anatomical structure 
formation involved in morphogenesis 108 7.917888563 0.001294176 
PGF, ENAM, TNFSF14, RORA, CALB1, CXCL10, HS2ST1, WNT1, PTGIS, ANK2, GATA3, SERPINE1, TGFBI, RRAS, COL12A1, DISC1, DAB2IP, RET, PTPRM, ROCK1, 
SOCS7, DLL1, MYH9, GRHL2, PPARGC1B, MCIDAS, VEGFA, PDGFRA, PDGFRB, RELN, CAV3, PPP2R3A, ONECUT2, DAG1, SOX4, EPHB2, ACE, PPP1R16B, 
OVOL2, PVRL1, PVRL2, TBC1D30, AXIN2, MAP2K1, PODXL, SMAD4, PTPN14, SKI, HGF, UBP1, FOXP1, NOTCH3, NOTCH1, HDAC1, PLCG1, TRPS1, ZIC5, 
TMOD2, KLF4, NRP2, HNF1A, HSBP1, HPSE, SEMA3E, RTF1, TGFA, MKX, CNTNAP1, SDK2, ADIPOR2, TP53, LEF1, EDAR, PRKCB, BBS1, PRKD1, MFN2, ACVR2B, 
XIRP1, WNT9B, SEMA4C, FAIM2, PARVA, ABLIM1, ABLIM3, PPP3R1, FKBP1A, FAT3, XBP1, POU2F1, BCL6, NFATC4, DCX, TLX2, PTPRB, SIRT1, COL5A2, SNAI1, 
1.343003872 0.999948927 0.025538016 2.541295428 
 210 
WNT2B, DUSP4, CDH13, DKK1, PKNOX1, MYPN, HEYL, KDM4C, EVI5L, POFUT1 
GO:0034644~cellular response to UV 14 1.026392962 0.001298488 HYAL3, YY1, TP53, SIRT1, CDC25A, TP73, EI24, XPC, NEDD4, RPL13A, NFATC4, MFAP4, MYC, TP53INP1 2.785489513 0.999950582 0.025556023 2.549659147 
GO:0061726~mitochondrion disassembly 24 1.759530792 0.001300868 
ATG9A, SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, TP53, MSTN, HK1, CHST3, PEX3, WIPI2, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, ATG5, 
GMIP, ATG4B, MEX3C, ATPIF1, TREM1 2.062627906 0.999951473 0.025536486 2.554276225 
GO:0000422~mitophagy 24 1.759530792 0.001300868 
ATG9A, SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, TP53, MSTN, HK1, CHST3, PEX3, WIPI2, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, ATG5, 
GMIP, ATG4B, MEX3C, ATPIF1, TREM1 2.062627906 0.999951473 0.025536486 2.554276225 
GO:0010975~regulation of neuron 
projection development 
52 3.812316716 0.001309829 
ARSB, SYT1, GFAP, SRCIN1, CPEB3, ADCY5, FES, MBP, XYLT1, GATA3, RAB29, MAPT, SEMA3E, EEF2K, ANP32A, RAB21, LRRC7, DISC1, RET, DAB2IP, CCDC88A, 
NUMBL, PRKD1, MAP4K4, SEMA4F, VEGFA, CNTN2, SEMA4C, SEMA4B, RELN, CUX1, CRTC1, ULK4, FKBP1B, EPHB2, TRIM67, FAT3, NFATC4, NEDD4L, TLX2, 
DIXDC1, PTPRD, MAP2K1, MET, HGF, SIRT1, SEMA6A, EPHA4, NEDD4, MARCKS, KLF4, LRP4 
1.573469969 0.999954684 0.025644298 2.571653215 
GO:0030335~positive regulation of cell 
migration 
47 3.445747801 0.001314338 
GCNT2, CCR1, ONECUT2, TNFSF14, KITLG, KIT, AMOTL1, CXCL11, SRC, CXCL10, BCL2, GATA3, SERPINE1, SEMA3E, MYC, CSF1R, DAB2IP, RET, PLET1, MYO1C, 
MAP2K1, SWAP70, PODXL, MET, TP53, LEF1, HGF, DAPK2, PRKCE, MYADM, SNAI1, IRS1, FOXP1, PRKD1, CDH13, SEMA6A, NOTCH1, PLCG1, SEMA4F, 
CXCL16, VEGFA, TRIM32, SEMA4C, PDGFRA, PDGFRB, SEMA4B, RELN 
1.617639559 0.999956219 0.025665691 2.58039663 
GO:0030029~actin filament-based process 62 4.545454545 0.001321977 
RHOJ, LIMA1, PDLIM7, WASF1, RHOQ, PIP5K1A, FES, S1PR2, ANK2, PDE4B, SEMA3E, CAP1, DBNL, FMNL3, CCDC88A, ROCK1, SCN2B, RAP1GDS1, MYH9, 
PRKCE, MYADM, ARHGAP26, PPARGC1B, FARP2, ELMO1, PRKCQ, ANKRD23, XIRP1, PLEKHH2, SERPINF2, TRIM32, PDGFRA, AKAP6, PDGFRB, STC1, ADD2, 
PARVA, SRGAP2, CAV3, ABLIM3, PPFIA1, KIT, DAAM1, SRC, BCL2, BCL6, NEDD4L, PIK3R2, SYNPO, CSF1R, DIXDC1, ABR, SWAP70, ATP1A2, FOXP1, GMFB, 
CORO1C, PPP1R9B, PLN, MYPN, TMOD2, MARCKS 
1.503353868 0.999958701 0.025747192 2.595208482 
GO:0055074~calcium ion homeostasis 44 3.225806452 0.001332118 
CALCR, OPRM1, CAV3, JPH3, DRD2, ADCY5, CCR1, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, FKBP1B, CALB1, TPCN2, CXCL10, CALCA, ANK2, ATG5, BCL2, 
MS4A2, SLC25A27, DISC1, NOS1, SWAP70, RAP1GDS1, ATP1A2, PRKCE, KCNK3, PRKCB, PRKD1, CRHR1, PLCG1, PLN, PGM1, PDGFRA, PLA2G6, AKAP6, STC1, 
HTR2C, ADRA1D, GLP1R, GPR12, HTR2A 
1.647089896 0.999961781 0.025876241 2.614865424 
GO:0090150~establishment of protein 
localization to membrane 
31 2.272727273 0.001333244 
PACS1, CAV3, PPP2R5A, PPFIA1, CACNB1, RHOQ, PIP5K1A, PEX3, KIF13A, MOAP1, TSPAN33, ANK2, ANK3, CHM, LYPLAL1, SEC61A1, PID1, CNST, ROCK1, 
MYO1C, FLOT2, TSPAN14, SRPRA, TMBIM1, MYADM, BBS1, PPP1R9B, ATG4B, UBL4A, CLIP3, VAMP2 
1.852899108 0.999962108 0.025832144 2.617048964 
GO:0030073~insulin secretion 25 1.832844575 0.001376532 
HNF1A, NOS1, DRD2, ADCY5, IL1RN, SOX4, ILDR2, CFTR, PFKM, PRKCE, MYT1, SIDT2, SIRT1, FKBP1B, PCLO, IRS1, INHBB, MAP4K4, ACVR2B, MYRIP, DGAT1, 
HDAC1, PLA2G6, CACNA1E, GLP1R 
2.017269191 0.99997278 0.026592709 2.700919054 
GO:1903706~regulation of hemopoiesis 40 2.93255132 0.001377966 
CLDN18, CCR1, MITF, NFKBIA, KITLG, ZEB1, JAG1, FES, PNP, CALCA, ACE, XBP1, GATA3, BCL6, INPP5D, MYC, TWIST2, CSF1R, THPO, ASXL2, RBFOX2, ESRRA, 
ZBTB46, CREB1, AXL, LEF1, DLL1, CDK6, NFAM1, FOXP3, FOXP1, PPARGC1B, NOTCH2, NOTCH1, GPR55, VEGFA, IRF1, ATXN1L, TOB2, RNF41 
1.69380037 0.999973077 0.026552899 2.703697318 
GO:0007010~cytoskeleton organization 99 7.258064516 0.001410795 
DYNC1LI1, CHMP3, PDLIM7, SNCA, HOOK3, S1PR2, SLC16A1, DISC1, INA, DBNL, STMN3, ROCK1, RAP1GDS1, BSN, MYH9, PCLO, PPARGC1B, FARP2, NAV1, 
TAGLN, SERPINF2, TRIM32, PDGFRA, PDGFRB, CLIP3, STMN1, ADD2, MAP7D3, MAP6D1, CAV3, DAG1, ULK4, DAAM1, SRC, PVRL2, TNKS, CSF1R, DIXDC1, 
ABR, ZMYM4, FOXP1, CORO1C, TMOD2, MARCKS, RANBP10, RHOJ, GFAP, LZTS2, LIMA1, FAM175B, WASF1, RHOQ, PIP5K1A, FES, SPICE1, MAPT, SEMA3E, 
CAMSAP1, CNTNAP1, CAP1, TUBB1, FMNL3, CCDC88A, NRXN2, PRKCE, MYADM, ARHGAP26, ELMO1, BBS1, MAST3, PRKCQ, ANKRD23, XIRP1, PLEKHH2, 
TPPP, CNTN2, PARVA, SRGAP2, ABLIM1, ABLIM3, PPFIA1, KIT, HMMR, BCL2, TOR1A, BCL6, CHD3, PIK3R2, SYNPO, CAPN6, SWAP70, MAP1A, LMNA, MID1, 
GMFB, PPP1R9B, ATXN7, SVIL, MYPN 
1.359082683 0.99997905 0.027108885 2.767256042 
GO:0071453~cellular response to oxygen 
levels 
23 1.686217009 0.001433058 CPEB2, PDK3, PPARG, TP53, LMNA, BDKRB2, RORA, PRKCE, SIRT1, SRC, KCNK3, NOTCH1, UCN2, PTGIS, HNF4A, MYOCD, BCL2, VEGFA, SERPINE1, EEF2K, 
STC1, MDM4, UCK2 
2.087873612 0.999982328 0.027461946 2.810335428 
GO:0055001~muscle cell development 23 1.686217009 0.001433058 CAV3, MET, LMNA, LEF1, SKI, RCAN1, CACNA2D2, FOXP1, NOTCH1, ATG5, MYOCD, ANK2, XIRP1, SPEG, MYPN, BCL2, VEGFA, PDGFRA, TMOD2, AKAP6, 
PDGFRB, NFATC4, TMTC3 
2.087873612 0.999982328 0.027461946 2.810335428 
GO:0019637~organophosphate metabolic 
process 90 6.598240469 0.001438075 
OPRM1, LDHA, SGPP1, ADCY5, LHCGR, SNCA, PGD, SYNJ1, RHOQ, PDE11A, PLPPR2, RORA, PIP5K1A, CXCL11, CBFA2T3, PNP, CXCL10, CDS2, PDE4B, DLG3, 
GUCY1A3, ABHD12, PLCB1, MYC, PID1, TBL1XR1, PGAP2, DAB2IP, PDXK, PIGZ, CYCS, TP53, NDUFC2, PI4KB, PFKM, IRS1, CRHR1, PNPLA8, NAPEPLD, UCN2, 
LYST, ADK, GRM7, VEGFA, MC2R, PDGFRA, PDGFRB, AKAP6, PLA2G6, ATPIF1, PLA2G2F, CALCR, PLPP5, ALDOA, FUT8, DRD2, PFKFB3, HK1, SRC, GCH1, 
CALCA, ECE1, LPCAT1, SERINC1, IDH1, CDA, INPP5D, UCK2, INPP5B, CSF1R, PIK3R2, GPD2, SHMT1, DNM1L, PLA2G15, NOS1, AK3, SIRT6, AK4, ATP1A2, 
AMPD2, AK9, TMEM55A, PLCG1, SDHC, SMPD1, HTR2C, KLF4, HTR2A, PLA2G4D 
1.383270302 0.999982992 0.027487857 2.820041984 
GO:1901135~carbohydrate derivative 
metabolic process 
96 7.038123167 0.001449909 
OPRM1, LDHA, TUSC3, GNPDA1, NDST1, ADCY5, LHCGR, SNCA, PGD, RHOQ, PDE11A, ALG6, RORA, CXCL11, CBFA2T3, PNP, HS2ST1, CXCL10, XYLT1, HPSE, 
CHST12, B3GALNT1, PDE4B, DSEL, DLG3, GUCY1A3, CHST13, ABHD12, PLCB1, MYC, PID1, PGAP2, HYAL3, PIGZ, CYCS, TP53, NDUFC2, CHST3, PFKM, GLCE, 
CRHR1, EGFLAM, UCN2, ADK, GRM7, VEGFA, MC2R, PDGFRB, AKAP6, ATPIF1, CALCR, ALDOA, SYVN1, MGAT5B, GCNT2, FUT9, FUT8, GALNT7, DRD2, 
PFKFB3, TH, HK1, ST8SIA3, KIT, CALCA, ECE1, GALNT10, ITGB8, BCL2, SERINC1, CDA, FUT1, TNKS, UCK2, GPD2, MGAT4A, SHMT1, DNM1L, NOS1, AK3, 
SIRT6, AK4, ATP1A2, HGF, FUCA2, AMPD2, AK9, COG3, GBA3, ERP44, SDHC, DPYD, AHCYL2, HTR2C, POFUT1, HTR2A 
1.365657654 0.999984463 0.027641876 2.84293162 
GO:0021536~diencephalon development 16 1.173020528 0.00146039 NRP2, DRD2, SLC6A3, CREB1, NR4A2, SIX3, LEF1, UQCRQ, TAL2, INHBB, CRHR1, WNT1, NCOA1, CNTNAP2, RELN, MYC 2.525971856 0.999985659 0.027769709 2.863199707 
GO:0035601~protein deacylation 15 1.099706745 0.001485888 TBL1XR1, MTA2, TP53, SIRT6, FOXP3, SIRT1, PRKD1, HDAC1, TRPS1, VEGFA, PER2, BCL6, LYPLAL1, BAZ2A, NCOR2 2.624880393 0.999988198 0.028177861 2.912491865 
GO:0072503~cellular divalent inorganic 
cation homeostasis 
44 3.225806452 0.001487336 
CALCR, OPRM1, CAV3, JPH3, DRD2, ADCY5, CCR1, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, FKBP1B, CALB1, TPCN2, CXCL10, CALCA, ANK2, ATG5, BCL2, 
MS4A2, SLC25A27, DISC1, NOS1, SWAP70, RAP1GDS1, ATP1A2, PRKCE, KCNK3, PRKCB, PRKD1, CRHR1, PLCG1, PLN, PGM1, PDGFRA, PLA2G6, AKAP6, STC1, 
HTR2C, ADRA1D, GLP1R, GPR12, HTR2A 
1.638643281 0.999988328 0.028135093 2.915290781 
GO:0015837~amine transport 16 1.173020528 0.001632905 RAB3B, STX1A, SLC6A1, DRD2, KCNA2, IL1RN, SNCA, TH, PRKCB, CRHR1, GRM7, TOR1A, PER2, HTR2C, NAT8L, HTR2A 2.498810868 0.999996163 0.030771947 3.196239446 
GO:1901983~regulation of protein 
acetylation 
13 0.953079179 0.001635043 RPS6KA4, NOS1, ATG5, HDAC1, MYOCD, XBP1, GATA3, SNCA, SMAD4, ANP32A, SOX4, FOXP3, SIRT1 2.860854489 0.999996225 0.030735813 3.200360389 
GO:0002761~regulation of myeloid 
leukocyte differentiation 
18 1.319648094 0.001645911 ASXL2, CLDN18, ESRRA, ZBTB46, CCR1, CREB1, MITF, KITLG, LEF1, PPARGC1B, FOXP1, CALCA, NOTCH2, GPR55, INPP5D, MYC, TOB2, CSF1R 2.334268635 0.999996526 0.030861127 3.22130276 
GO:0010941~regulation of cell death 138 10.11730205 0.001648505 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, PTGIS, ATG5, MYOCD, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, RET, DAB2IP, PDXK, 
ROCK1, RAD9A, DLL1, CRHR1, MAP4K4, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, NGB, CLIP3, GLP1R, FBXO10, SYVN1, HOXA13, PAFAH2, ADAMTSL4, 
SOX4, BDKRB2, SRC, PEA15, ACE, AXIN2, BMF, CSF1R, HIP1, BMP3, MUC2, MAP2K1, MET, IL1RN, NR4A2, SMAD4, MSTN, RNPS1, GAS1, DOCK8, HGF, 
OXSR1, HS1BP3, FOXP1, NOTCH2, EI24, NOTCH1, DLX1, UACA, CSRNP3, HDAC1, TRPS1, KLF4, BMP8B, LZTS2, FAM175B, MITF, PPARG, PDCD4, WISP2, 
TMEM109, PRMT2, EEF2K, TGFA, AGAP2, CASP2, FOSL1, MYC, PGAP2, ANP32B, NOS1AP, CYCS, TP53, PRKCH, LEF1, DAPK2, PRKCE, MYCN, PRKD1, INHBB, 
PRKCQ, NCOA1, SERPINB2, PLA2G6, PSME3, MDM4, MAP3K14, FAIM2, SRGAP2, ZMYND11, ING3, UNG, HK1, KITLG, KIT, MOAP1, XBP1, BCL2, BCL11B, 
BCL6, NFATC4, INPP5D, AGO4, IL2RB, NOS1, DNM1L, CREB1, ASIC2, LMNA, AXL, MAL, TMBIM1, SNAI1, SIRT1, TP73, BNC2, IRF1, SMPD1, IGFBP3, TP53INP1 
1.280740363 0.999996595 0.03083337 3.226302506 
GO:0002791~regulation of peptide 
secretion 
28 2.052785924 0.001649081 HNF1A, DRD2, ADCY5, PPARG, SYT9, SOX4, ILDR1, SIDT2, MYT1, FKBP1B, SLC16A1, PER2, NOS1, CFTR, PFKM, PRKCE, IRS1, SIRT1, INHBB, MAP4K4, MYRIP, 
HDAC1, HNF4A, PLA2G6, CACNA1E, HTR2C, CLOCK, GLP1R 
1.900380695 0.999996609 0.030768622 3.227410636 
GO:1901698~response to nitrogen 
compound 
102 7.478005865 0.001669513 
RNASEL, LDHA, SLC6A1, SLC6A3, SNCA, JAG1, SLC2A8, WNT1, CRY2, PDE4B, SERPINE1, MTUS1, PID1, PDXK, SOGA1, SOCS7, UBR1, IRS1, PPARGC1B, CRHR1, 
THBD, HNF4A, VEGFA, PDGFRA, AKAP6, STC1, RELN, VAMP2, GLP1R, ALDOA, DRD2, HMGCS1, DAG1, NFKBIA, LIN28A, RRAGD, SRC, PEA15, GPR22, CDA, 
HCN3, KLF6, ESRRA, MET, IL1RN, NR4A2, MSTN, USF1, NOTCH1, PLCG1, HDAC1, UCP3, KCNJ8, MARCKS, AREG, NCOR2, KLF4, OPRM1, CPEB2, CPEB3, 
GLRA3, PPARG, NAP1L1, RHOQ, ZEB1, TMEM173, KCNQ3, EEF2K, PLCB1, FOSL1, GPIHBP1, MYC, TP53, CFTR, FOSB, IL6R, PRKCE, PRKCB, INHBB, PRKCQ, 
CCND1, TH, FKBP1A, XBP1, BCL2, AGO4, PIK3R2, SHMT1, GNAO1, NOS1, CREB1, ATP1A2, SIRT1, COL5A2, TP73, PPP1R9B, RPL13A, PLN, IRF1, SMPD1, 
1.345579013 0.9999971 0.031068286 3.266771392 
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HTR2C, HTR2A 
GO:0034763~negative regulation of 
transmembrane transport 
15 1.099706745 0.001672571 CAV3, CTTNBP2NL, DRD2, FKBP1A, ATP1A2, OXSR1, FKBP1B, OAZ2, CRHR1, ACE, ANK3, NEDD4, PLN, GRK6, NEDD4L 2.593631817 0.999997167 0.031048694 3.272660305 
GO:0031058~positive regulation of histone 
modification 
15 1.099706745 0.001672571 ASXL2, NOS1, TP53, SMAD4, FOXP3, SIRT1, PRKD1, PHF19, RPS6KA4, XBP1, GATA3, PAX7, VEGFA, RTF1, BCL6 2.593631817 0.999997167 0.031048694 3.272660305 
GO:0098732~macromolecule deacylation 15 1.099706745 0.001672571 TBL1XR1, MTA2, TP53, SIRT6, FOXP3, SIRT1, PRKD1, HDAC1, TRPS1, VEGFA, PER2, BCL6, LYPLAL1, BAZ2A, NCOR2 2.593631817 0.999997167 0.031048694 3.272660305 
GO:0015908~fatty acid transport 14 1.026392962 0.001677572 HNF1A, DRD2, ABCD1, LHCGR, PPARG, BDKRB2, SLCO2A1, PNPLA8, ACE, ACSL1, PLA2G6, SLCO3A1, ACSL4, SLC27A4 2.711209792 0.999997273 0.031064652 3.282291515 
GO:1901653~cellular response to peptide 36 2.639296188 0.001682086 RNASEL, CPEB2, PPARG, NAP1L1, RHOQ, SRC, SLC2A8, WNT1, XBP1, SERPINE1, EEF2K, MYC, MTUS1, PIK3R2, PID1, KLF6, ESRRA, SOGA1, CREB1, MET, 
NR4A2, SOCS7, MSTN, USF1, IRS1, SIRT1, PRKCB, INHBB, CRHR1, PRKCQ, PPP1R9B, IRF1, MARCKS, VAMP2, GLP1R, KLF4 
1.73137806 0.999997365 0.031071663 3.290983343 
GO:0018394~peptidyl-lysine acetylation 23 1.686217009 0.001685169 ING3, HNF1A, NOS1, TAF5, SNCA, SMAD4, SOX4, LEF1, FOXP3, SIRT1, MSL2, NCOA1, JADE2, RPS6KA4, ATG5, NAA50, MYOCD, HDAC1, BRPF3, GATA3, 
ANP32A, IRF4, CLOCK 
2.062097395 0.999997427 0.031052685 3.296921488 
GO:1903650~negative regulation of 
cytoplasmic transport 
17 1.246334311 0.001741707 DAB2IP, PPM1A, SOX4, NFKBIA, FKBP1A, PRKCE, FKBP1B, PKIA, CALCA, UACA, HNF4A, MDFIC, BCL2, SVIP, LYPLAL1, AXIN2, SAR1A 2.397220863 0.99999833 0.03200134 3.405722596 
GO:0038084~vascular endothelial growth 
factor signaling pathway 
7 0.513196481 0.001753561 NRP2, PRKD1, DAB2IP, MYO1C, VEGFA, PDGFRA, PDGFRB 5.08351836 0.999998474 0.032138483 3.428519854 
GO:0048589~developmental growth 68 4.985337243 0.001801433 
NRP2, SYT1, SLC6A3, VCL, PRMT2, MYOCD, MAPT, GATA3, PAX7, SERPINE1, WWC3, RTF1, SEMA3E, RARB, PLCB1, RAB21, DISC1, INA, TBL1XR1, TP53, DLL1, 
IL6R, GRHL2, PRKCQ, ACVR2B, TNS2, UCN2, SEMA4F, VEGFA, SEMA4C, AKAP6, SEMA4B, STC1, CAV3, KMT2D, PPP2R3A, DRD2, NRN1, TAL2, ALCAM, BCL2, 
NEDD4L, DCX, PLAG1, GPD2, SLC12A2, CREB1, SMAD4, AXL, MSTN, SIRT6, GAS1, RAPH1, CACNA2D2, TP73, FOXP1, CDKN1C, NOTCH3, NOTCH2, SEMA6A, 
NOTCH1, PRLR, SP2, BNC2, MEX3C, TMTC3, AREG, LRP4 
1.454572895 0.999998942 0.032923046 3.520534555 
GO:0090005~negative regulation of 
establishment of protein localization to 
plasma membrane 
6 0.439882698 0.00180927 PID1, PPP2R5A, PPFIA1, RHOQ, LYPLAL1, TMBIM1 6.22471636 0.999999004 0.032985096 3.535590206 
GO:0090128~regulation of synapse 
maturation 
6 0.439882698 0.00180927 DAB2IP, NEUROD2, NFATC4, RELN, ADGRL1, DISC1 6.22471636 0.999999004 0.032985096 3.535590206 
GO:0072009~nephron epithelium 
development 
18 1.319648094 0.001816115 PGF, PODXL, SMAD4, DLL1, JAG1, CALB1, LGR4, HS2ST1, WNT2B, WNT1, NOTCH1, FAT4, BCL2, GATA3, HEYL, VEGFA, WNT9B, MYC 2.31361139 0.999999054 0.033029092 3.548738786 
GO:0010817~regulation of hormone levels 52 3.812316716 0.001856524 
HNF1A, ADCY5, LHCGR, PPARG, SYT9, ILDR2, ILDR1, SIDT2, STARD3, SLC16A1, CRY2, GATA3, FGF23, CFTR, PFKM, PRKCE, IRS1, PCLO, BBS1, INHBB, CRHR1, 
MAP4K4, ACVR2B, MYRIP, DGAT1, UCN2, HNF4A, PDGFRA, PLA2G6, RELN, VAMP2, GLP1R, CLOCK, DRD2, SOX4, SNX4, MYT1, FKBP1B, ACE, ECE1, PER2, 
NOS1, CREB1, IL1RN, SMAD4, SIRT1, RDH12, RDH11, SLC16A2, HDAC1, CACNA1E, HTR2C 
1.547675379 0.999999306 0.033671975 3.626320697 
GO:0006497~protein lipidation 15 1.099706745 0.001878349 PGAP2, PIGZ, ZDHHC8, PPM1A, WIPI2, ZDHHC15, NMT2, ZDHHC23, ZDHHC17, ZDHHC16, ATG5, ATG4B, SVIP, CLIP3, MAP6D1 2.563118501 0.999999412 0.033980698 3.66819881 
GO:0030856~regulation of epithelial cell 
differentiation 
20 1.46627566 0.001879636 ROCK1, KITLG, PRKCH, DLL1, ZEB1, GRHL2, FOXP1, MYCN, S1PR2, S1PR3, NOTCH1, CCND1, OVOL2, PRLR, FAT4, BCL2, GATA3, VEGFA, WNT9B, CLOCK 2.184111003 0.999999418 0.033923271 3.670668421 
GO:0015849~organic acid transport 35 2.565982405 0.001934375 SLC16A14, HNF1A, SLC6A1, NFKBIE, SLC22A12, DRD2, ABCD1, LHCGR, PPARG, SNCA, BDKRB2, PEX3, SLC7A6, SLCO2A1, SLC16A1, ACE, ACSL1, SERINC1, 
PER2, SLCO3A1, ACSL4, MYC, IL1RN, SLC6A14, SLC7A10, SLC6A17, SLC10A2, PNPLA8, SLC7A2, GRM7, SLC26A9, PLA2G6, SLC38A1, HTR2C, SLC27A4 
1.734989201 0.999999617 0.034812477 3.775623377 
GO:0006979~response to oxidative stress 48 3.519061584 0.001941453 
LDHA, HNF1A, CPEB2, FUT8, SNCA, FKBP1B, SRC, GCH1, XBP1, MAPT, BCL2, GPX3, SERPINE1, GAB1, TOR1A, IDH1, GPX8, NQO1, FOSL1, KLF6, LPO, GNAO1, 
NOS1, MAP2K1, CYCS, MET, AXL, TP53, NR4A2, RCAN1, HGF, OXSR1, SIRT1, PPARGC1B, PRKD1, UACA, UCP3, PLCG1, HDAC1, MTF1, PDGFRA, PDGFRB, 
NFE2L1, NGB, AREG, KLF4, SRXN1, TP53INP1 
1.577303693 0.999999637 0.034855629 3.789187681 
GO:0090092~regulation of 
transmembrane receptor protein 
serine/threonine kinase signaling pathway 
27 1.979472141 0.001979772 
CAV3, HOXA13, STRAP, ONECUT2, PPM1A, FKBP1A, ZEB1, GREM2, WNT1, PEG10, MYOCD, RNF165, BCL9L, BMP3, SMAD4, TP53, MSTN, SKI, TMPRSS6, 
SIRT1, INHBB, CDKN1C, NOTCH2, NOTCH1, ACVR2B, DKK1, BMP8B 1.903675392 0.999999729 0.035448605 3.862585442 
GO:0006812~cation transport 97 7.11143695 0.002061149 
CALHM1, KCNC3, TUSC3, SLC6A3, LHCGR, SNCA, CXCL11, CXCL10, SLC2A8, ATG5, ANK2, ANK3, SERPINE1, PDE4B, MS4A2, SCN2B, CRHR1, AKAP6, PDGFRB, 
STC1, SLC38A1, VAMP2, GLP1R, CAV3, SLC2A13, FXYD2, SCN1A, GNAI2, NFKBIE, DRD2, KCNA2, CACNB1, SNX4, CACNB3, ORAI3, ACE, KCNS2, PVRL1, 
SERINC1, SLC30A3, SLC31A2, HCN3, SLC30A6, OXSR1, SLC6A17, ATP13A3, CACNA2D2, KCNK3, PLCG1, UCP3, KCNJ8, NEDD4, SLC7A2, CACNA1E, NAT8L, 
OPRM1, JPH3, UQCRQ, KCNQ3, NMUR1, NOS1AP, CACNG4, SLC7A10, CACNG2, PRKCE, PRKCB, PRKD1, BSPRY, MAGT1, GRM7, KCNH7, PLA2G6, RAB3B, 
CCR1, FKBP1A, FKBP1B, TPCN2, CALCA, BEST1, XBP1, BCL2, SLC39A9, SLC4A7, NEDD4L, SCNN1G, GNAO1, NOS1, SLC12A2, ASIC2, ATP1A2, SLC10A2, 
KCNN3, PLN, ATP6V1E1, HTR2C, SCN4A, HTR2A 
1.348192156 0.999999855 0.036793793 4.018281621 
GO:0051347~positive regulation of 
transferase activity 53 3.885630499 0.002120629 
SRCIN1, SNCA, LPAR2, MDFIC, GAB1, LTF, TGFA, AGAP2, IRAK2, DAB2IP, CCDC88A, IL6R, IRS1, GRHL2, PRKCQ, CCND1, ACVR2B, MAP3K15, HNF4A, VEGFA, 
PDGFRA, AKAP6, PDGFRB, RELN, SNX9, FZR1, GNAI2, DRD2, ATG13, KITLG, KIT, SRC, CALCA, ACE, ACSL1, SERINC1, TNKS, AXIN2, CSF1R, UNC119, MAP2K1, 
IL1RN, MET, HGF, OXSR1, SIRT1, TP73, EPHA4, PRLR, OBFC1, MARCKS, KLF4, HTR2A 
1.530397462 0.999999908 0.037748195 4.131932528 
GO:0090494~dopamine uptake 5 0.366568915 0.002120879 RAB3B, DRD2, SLC6A3, SNCA, NAT8L 8.069076763 0.999999908 0.037664795 4.132408335 
GO:0061326~renal tubule development 17 1.246334311 0.002134944 PGF, SMAD4, DLL1, JAG1, CALB1, LGR4, HS2ST1, WNT2B, WNT1, NOTCH1, FAT4, BCL2, GATA3, HEYL, VEGFA, WNT9B, MYC 2.351559514 0.999999917 0.037822146 4.15926478 
GO:0035304~regulation of protein 
dephosphorylation 
22 1.612903226 0.002184277 CNST, ROCK1, SWAP70, DRD2, PPP2R5A, RIMBP2, PPP1R11, ARPP19, FKBP1A, RCAN1, FKBP1B, PPARGC1B, PPP1R9B, PPP1R16B, CRY2, CSRNP3, SMPD1, 
AKAP6, LMTK3, PDGFRB, DLG3, SPRED1 
2.061518966 0.999999943 0.038590486 4.253403801 
GO:0050878~regulation of body fluid 
levels 
40 2.93255132 0.002205519 F2RL2, METAP1, DRD2, SLC6A3, FAM46A, VCL, EPHB2, APLNR, GP5, ATG5, XBP1, IL10RB, HPSE, PROZ, SERPINE1, SCNN1G, TMEM79, CREB1, MET, AXL, 
ASIC2, F8, CFTR, STAB2, MYH9, PRKCE, TMPRSS6, TP73, PRKCQ, NCOA1, CCND1, THBD, HNF4A, PRLR, SERPINF2, LYST, VEGFA, PDGFRA, VAMP2, NCOR2 
1.650492974 0.999999952 0.038868924 4.29391285 
GO:0001764~neuron migration 21 1.539589443 0.002220482 NRP2, SATB2, DAB2IP, DRD2, MET, AXL, NR4A2, BBS1, SEMA6A, OLIG3, FAT3, NAV1, PEX2, MAPT, GATA3, FOXG1, CNTN2, RELN, DCX, DISC1, SRGAP2 2.103524839 0.999999957 0.039037639 4.322435654 
GO:0048878~chemical homeostasis 95 6.964809384 0.002243737 
OPRM1, JPH3, HNF1A, ADCY5, LHCGR, SNCA, PPARG, RORA, CXCL11, SIDT2, CALB1, CXCL10, SLC16A1, CRY2, ATG5, ANK2, ANK3, PEX2, SERPINE1, MS4A2, 
SLC25A27, MYC, GPIHBP1, DISC1, SCN2B, TP53, ADIPOR2, RAP1GDS1, FGF23, CFTR, PFKM, PRKCE, PRKCB, PRKD1, CRHR1, MAP4K4, DGAT1, HNF4A, LYST, 
SLC26A9, PGM1, VEGFA, PDGFRA, PLA2G6, AKAP6, STC1, ORMDL3, GPR12, GLP1R, CALCR, CAV3, DRD2, CCR1, TH, SOX4, HK1, FKBP1A, BDKRB2, MYT1, 
FKBP1B, SRC, TPCN2, CSMD1, CALCA, NPTX1, ACE, LPCAT1, XBP1, BCL2, NEDD4L, SLC30A3, SCNN1G, SLC31A2, TMEM79, SLC30A6, PIK3R2, TMEM97, 
NOS1, SWAP70, PDK3, MET, SMAD4, SIRT6, ATP1A2, USF1, SIRT1, TMPRSS6, KCNK3, PLCG1, PLN, CACNA1E, HTR2C, NCOR2, ADRA1D, HTR2A 
1.348789957 0.999999964 0.039348237 4.36675092 
GO:2000147~positive regulation of cell 
motility 
47 3.445747801 0.002301821 
GCNT2, CCR1, ONECUT2, TNFSF14, KITLG, KIT, AMOTL1, CXCL11, SRC, CXCL10, BCL2, GATA3, SERPINE1, SEMA3E, MYC, CSF1R, DAB2IP, RET, PLET1, MYO1C, 
MAP2K1, SWAP70, PODXL, MET, TP53, LEF1, HGF, DAPK2, PRKCE, MYADM, SNAI1, IRS1, FOXP1, PRKD1, CDH13, SEMA6A, NOTCH1, PLCG1, SEMA4F, 
CXCL16, VEGFA, TRIM32, SEMA4C, PDGFRA, PDGFRB, SEMA4B, RELN 
1.572912198 0.999999977 0.040254833 4.477352784 
GO:1903146~regulation of mitophagy 23 1.686217009 0.002304186 
DNM1L, SLC6A1, MAP2K1, CRNKL1, ZDHHC8, MAP1A, ATG13, TP53, MSTN, HK1, CHST3, PEX3, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, ATG5, 
GMIP, MEX3C, ATPIF1, TREM1 2.012408301 0.999999977 0.040203389 4.481854607 
GO:0048592~eye morphogenesis 23 1.686217009 0.002304186 
PPP2R3A, PTPRM, YY1, SDK2, TH, SIX3, SKI, DLL1, ZEB1, JAG1, GAS1, COL5A2, CALB1, EPHB2, MFN2, NOTCH2, PVRL1, FAT3, BCL2, VEGFA, POU2F1, SLC4A7, 
RARB 2.012408301 0.999999977 0.040203389 4.481854607 
GO:0061458~reproductive system 54 3.958944282 0.002311695 HNF1A, ARID4A, LHCGR, ARID4B, PPARG, LGR4, PTGIS, MYOCD, GATA3, WDR77, GAB1, SERPINE1, CASP2, FOSL1, MYC, LEF1, GRHL2, INHBB, CCND1, 1.517048861 0.999999979 0.04023998 4.496141809 
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development NCOA1, EIF2S2, VEGFA, MC2R, ASB1, WNT9B, PDGFRA, STC1, JMJD1C, HOXA13, HMGCS1, KITLG, KIT, SRC, ACE, PEG10, OVOL2, BCL2, IDH1, AGO4, PLAG1, 
CAPN5, MAP2K1, MET, SMAD4, AXL, SIRT1, SNAI1, WNT2B, CDKN1C, PPP1R9B, NOTCH2, NOTCH1, PRLR, GFRA1 
GO:1903008~organelle disassembly 25 1.832844575 0.002313614 
ATG9A, SLC6A1, MAP2K1, CRNKL1, MAP1A, HBS1L, ATG13, TP53, MSTN, HK1, CHST3, PEX3, WIPI2, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, 
ATG5, GMIP, ATG4B, MEX3C, ATPIF1, TREM1 1.94175644 0.999999979 0.040181218 4.499794874 
GO:0022030~telencephalon glial cell 
migration 7 0.513196481 0.002313645 DAB2IP, FOXG1, SOCS7, RELN, DCX, DISC1, SRGAP2 4.841446058 0.999999979 0.040090619 4.499853404 
GO:0021801~cerebral cortex radial glia 
guided migration 7 0.513196481 0.002313645 DAB2IP, FOXG1, SOCS7, RELN, DCX, DISC1, SRGAP2 4.841446058 0.999999979 0.040090619 4.499853404 
GO:0002064~epithelial cell development 30 2.19941349 0.002343655 
ARID4A, HOXA13, TFCP2L1, ONECUT2, ARID4B, JAG1, SIDT2, S1PR2, S1PR3, PPP1R16B, XBP1, GATA3, BCL11B, SLC4A7, RARB, TMEM79, MUC2, ROCK1, 
PODXL, MET, SIX3, CDK6, DLL1, MYADM, GRHL2, NOTCH1, VSIG1, CLIC5, STC1, JMJD1C 1.808008901 0.999999983 0.04050869 4.55693747 
GO:0051271~negative regulation of 
cellular component movement 31 2.272727273 0.002347324 
STRAP, DRD2, DAG1, BCL2, MARVELD3, GATA3, SEMA3E, SERPINE1, RRAS, PLCB1, ARHGDIB, RECK, MUC2, DAB2IP, ABR, PTPRM, IL1RN, PTPRR, PADI2, 
CORO1C, SEMA6A, NOTCH1, SEMA4F, SEMA4C, SEMA4B, STC1, IGFBP3, KLF4, TP53INP1, SRGAP2, RNF41 1.78672414 0.999999984 0.0404793 4.563912834 
GO:0007269~neurotransmitter secretion 17 1.246334311 0.002357754 SYT1, CPLX2, STX1A, NRXN2, NOS1AP, SYNJ1, SNCA, DGKI, PCLO, RIMS4, RIMS3, TRIM9, XBP1, SYN2, ADGRL1, VAMP2, HTR2C 2.32937499 0.999999985 0.040564137 4.583744576 
GO:0072073~kidney epithelium 
development 
21 1.539589443 0.002410875 RET, PGF, PODXL, SMAD4, DLL1, JAG1, CALB1, LGR4, WNT2B, HS2ST1, EPHA4, WNT1, NOTCH1, FAT4, BCL2, GATA3, HEYL, VEGFA, WNT9B, RARB, MYC 2.089117134 0.99999999 0.041366836 4.684682621 
GO:0006476~protein deacetylation 14 1.026392962 0.002414177 TBL1XR1, MTA2, TP53, SIRT6, FOXP3, SIRT1, PRKD1, HDAC1, TRPS1, VEGFA, PER2, BCL6, BAZ2A, NCOR2 2.606932493 0.99999999 0.041329564 4.690953032 
GO:1903599~positive regulation of 
mitophagy 20 1.46627566 0.002438468 
SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, MSTN, HK1, CHST3, PEX3, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, ATG5, GMIP, MEX3C, ATPIF1, 
TREM1 2.135932084 0.999999992 0.04164383 4.737072452 
GO:0030522~intracellular receptor 
signaling pathway 29 2.126099707 0.002482422 
KMT2D, PPARG, NFKBIA, UBA5, RORA, SRC, DDX17, PRMT2, PTGIS, CRY2, TKFC, RARB, RNF34, ASXL2, RBFOX2, STRN3, PDK3, NR4A2, PADI2, HNF4G, SIRT1, 
PPARGC1B, FOXP1, NR1I2, HDAC1, HNF4A, NEDD4, HEYL, CLOCK 1.823401762 0.999999994 0.042284792 4.820472145 
GO:0034220~ion transmembrane 
transport 86 6.304985337 0.002486681 
CALHM1, OPRM1, JPH3, KCNC3, SLC22A12, SLC6A3, GLRA3, PEX3, UQCRQ, SLC7A6, SLC16A1, KCNQ3, ANK2, ANK3, PDE4B, SERPINE1, MYC, GRID1, 
GABRG3, GJD3, SCN2B, NOS1AP, CACNG4, SLC7A10, CFTR, CACNG2, MYH9, CRHR1, GRM7, CLIC5, SLC26A9, PDGFRB, AKAP6, PLA2G6, KCNH7, STC1, RELN, 
SLC38A1, PCYOX1, VAMP2, CAV3, NETO2, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, HK1, FKBP1A, CACNB3, SFXN2, FKBP1B, ORAI3, TPCN2, ACE, KCNS2, 
BEST1, SLC4A7, NEDD4L, SLC30A3, SCNN1G, SLC31A2, HCN3, SLC30A6, NOS1, SLC12A2, GABRA3, ASIC2, SLC6A14, SLC6A17, OXSR1, ATP1A2, CACNA2D2, 
KCNK3, SLC16A2, UCP3, PLCG1, KCNJ8, NEDD4, SLC7A2, KCNN3, PLN, ATP6V1E1, GRK6, CACNA1E, SCN4A 
1.369619608 0.999999994 0.042261664 4.828549104 
GO:0072507~divalent inorganic cation 
homeostasis 45 3.299120235 0.002563621 
CALCR, OPRM1, CAV3, JPH3, DRD2, ADCY5, CCR1, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, FKBP1B, CALB1, TPCN2, CXCL10, CALCA, ANK2, ATG5, ANK3, 
BCL2, MS4A2, SLC25A27, DISC1, NOS1, SWAP70, RAP1GDS1, ATP1A2, PRKCE, KCNK3, PRKCB, PRKD1, CRHR1, PLCG1, PLN, PGM1, PDGFRA, PLA2G6, AKAP6, 
STC1, HTR2C, ADRA1D, GLP1R, GPR12, HTR2A 
1.582555007 0.999999997 0.043445467 4.974356478 
GO:1903310~positive regulation of 
chromatin modification 
15 1.099706745 0.002625234 ASXL2, NOS1, TP53, SMAD4, FOXP3, SIRT1, PRKD1, PHF19, RPS6KA4, XBP1, GATA3, PAX7, VEGFA, RTF1, BCL6 2.475739461 0.999999998 0.044369063 5.090966324 
GO:0051952~regulation of amine 
transport 
15 1.099706745 0.002625234 RAB3B, STX1A, SLC6A1, DRD2, KCNA2, IL1RN, SNCA, PRKCB, CRHR1, GRM7, TOR1A, PER2, HTR2C, NAT8L, HTR2A 2.475739461 0.999999998 0.044369063 5.090966324 
GO:0010464~regulation of mesenchymal 
cell proliferation 
10 0.73313783 0.002650105 VEGFA, FBXW4, LMNA, GAS1, ZEB1, IRS1, MYC, FOXP1, FOXP2, MYCN 3.300985948 0.999999998 0.044681611 5.137999396 
GO:0007568~aging 45 3.299120235 0.002686681 
FZR1, TFCP2L1, SLC6A3, TH, SNCA, PDCD4, MBP, CALCA, WNT1, ACE, RNF165, BCL2, SERPINE1, BCL6, INPP5D, NQO1, CASP2, GNAO1, NOS1, MAP2K1, 
SLC12A2, CREB1, MET, LMNA, TP53, CDK6, MARCH5, IRS1, SIRT1, INHBB, CDKN1C, PRKCQ, PPP1R9B, NAPEPLD, UCP3, HNF4A, FOXG1, VEGFA, MNT, GFRA1, 
JMJD1C, NGB, IGFBP3, ADRA1D, HTR2A 
1.57873241 0.999999999 0.045185278 5.207126974 
GO:2000756~regulation of peptidyl-lysine 
acetylation 12 0.879765396 0.002696355 RPS6KA4, NOS1, ATG5, HDAC1, MYOCD, GATA3, SNCA, SMAD4, ANP32A, SOX4, FOXP3, SIRT1 2.857246854 0.999999999 0.045244878 5.22540108 
GO:0035308~negative regulation of 
protein dephosphorylation 14 1.026392962 0.002711802 PPP1R9B, PPP1R16B, CNST, CRY2, ROCK1, CSRNP3, SWAP70, RIMBP2, PPP1R11, DLG3, LMTK3, FKBP1A, SPRED1, FKBP1B 2.573933347 0.999999999 0.045398779 5.254576374 
GO:0030279~negative regulation of 
ossification 14 1.026392962 0.002711802 CALCR, CCR1, FGF23, SKI, CDK6, CALCA, NOTCH1, DKK1, BCL2, AREG, AXIN2, FNDC3B, TWIST2, LRP4 2.573933347 0.999999999 0.045398779 5.254576374 
GO:0046942~carboxylic acid transport 34 2.492668622 0.002736633 
SLC16A14, HNF1A, SLC6A1, NFKBIE, DRD2, ABCD1, LHCGR, PPARG, SNCA, BDKRB2, PEX3, SLC7A6, SLCO2A1, SLC16A1, ACE, ACSL1, SERINC1, PER2, 
SLCO3A1, ACSL4, MYC, IL1RN, SLC6A14, SLC7A10, SLC6A17, SLC10A2, PNPLA8, SLC7A2, GRM7, SLC26A9, PLA2G6, SLC38A1, HTR2C, SLC27A4 1.714678812 0.999999999 0.045705273 5.301456374 
GO:0032106~positive regulation of 
response to extracellular stimulus 24 1.759530792 0.002778879 
OPRM1, SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, MSTN, HK1, CHST3, CALCOCO2, PEX3, SIRT1, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, 
ATG5, GMIP, MEX3C, ATPIF1, TREM1, PAFAH1B2 1.947397297 0.999999999 0.046294049 5.381165269 
GO:0032109~positive regulation of 
response to nutrient levels 24 1.759530792 0.002778879 
OPRM1, SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, MSTN, HK1, CHST3, CALCOCO2, PEX3, SIRT1, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, 
ATG5, GMIP, MEX3C, ATPIF1, TREM1, PAFAH1B2 1.947397297 0.999999999 0.046294049 5.381165269 
GO:0010639~negative regulation of 
organelle organization 36 2.639296188 0.002798813 
CAV3, DYNC1LI1, LIMA1, PPFIA1, SNCA, SRC, ATG5, TRIM9, ANP32A, NAT10, TNKS, TBC1D30, SAR1A, PID1, DBNL, SWAP70, MAP1A, TP53, LMNA, HGF, 
MYH9, MID1, FOXP3, SIRT1, MYADM, VAT1, GMFB, PLEKHH2, TMOD2, KDM4C, CLIP3, EVI5L, STMN1, ADD2, MAP6D1, SUPT6H 1.681273872 0.999999999 0.046517341 5.418752778 
GO:0055082~cellular chemical 
homeostasis 
67 4.91202346 0.002813359 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, SERPINE1, MS4A2, SLC25A27, MYC, DISC1, RAP1GDS1, TP53, FGF23, CFTR, 
PFKM, PRKCE, PRKCB, PRKD1, CRHR1, MAP4K4, SLC26A9, PGM1, PDGFRA, AKAP6, PLA2G6, STC1, ORMDL3, GLP1R, GPR12, CALCR, CAV3, DRD2, CCR1, TH, 
HK1, SOX4, FKBP1A, BDKRB2, MYT1, FKBP1B, TPCN2, CALCA, ACE, NPTX1, XBP1, BCL2, SLC31A2, PIK3R2, NOS1, SWAP70, PDK3, MET, SMAD4, ATP1A2, 
TMPRSS6, SIRT1, KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.431074496 1 0.046652265 5.446173468 
GO:0036294~cellular response to 
decreased oxygen levels 
21 1.539589443 0.002833075 CPEB2, PDK3, TP53, LMNA, BDKRB2, RORA, PRKCE, SIRT1, KCNK3, SRC, NOTCH1, UCN2, PTGIS, HNF4A, MYOCD, BCL2, VEGFA, SERPINE1, EEF2K, STC1, 
MDM4 
2.060885822 1 0.046870179 5.483326102 
GO:0022037~metencephalon 
development 
20 1.46627566 0.002883642 DIXDC1, B4GALT2, MAP2K1, TRNP1, CCR1, TP53, AK3, DLL1, RORA, GAS1, UQCRQ, NR2C2, FOXP2, WNT1, NCOA1, BCL2, NEUROD2, SEMA4C, SLC4A7, 
FAIM2 
2.104976547 1 0.04758471 5.578552331 
GO:0006140~regulation of nucleotide 
metabolic process 
26 1.906158358 0.002914982 OPRM1, CALCR, DRD2, PFKFB3, LHCGR, CXCL11, CBFA2T3, CXCL10, CALCA, ECE1, CDA, GUCY1A3, MYC, PID1, TBL1XR1, DNM1L, NOS1, TP53, SIRT6, CRHR1, 
GRM7, VEGFA, MC2R, AKAP6, ATPIF1, HTR2A 
1.878770112 1 0.047986407 5.637526291 
GO:0072602~interleukin-4 secretion 4 0.293255132 0.002922444 NOTCH2, NOTCH1, VTCN1, GATA3 11.61947054 1 0.048003044 5.651562717 
GO:2001286~regulation of caveolin-
mediated endocytosis 
4 0.293255132 0.002922444 CAV3, UNC119, NEDD4L, SRC 11.61947054 1 0.048003044 5.651562717 
GO:0071409~cellular response to 
cycloheximide 
4 0.293255132 0.002922444 KLF6, SERPINE1, MYC, KLF4 11.61947054 1 0.048003044 5.651562717 
GO:0045661~regulation of myoblast 
differentiation 
11 0.806451613 0.002941918 NOTCH1, MYOCD, FLOT2, MSTN, TNFSF14, DLL1, MKX, PLCB1, IGFBP3, NR2C2, CXCL10 3.014485281 1 0.048211937 5.688184425 
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GO:0035303~regulation of 
dephosphorylation 22 1.612903226 0.002983311 
CNST, ROCK1, SWAP70, DRD2, PPP2R5A, RIMBP2, PPP1R11, ARPP19, FKBP1A, RCAN1, FKBP1B, PPARGC1B, PPP1R9B, PPP1R16B, CRY2, CSRNP3, SMPD1, 
AKAP6, LMTK3, PDGFRB, DLG3, SPRED1 2.009656854 1 0.048769898 5.765981255 
GO:0001763~morphogenesis of a 
branching structure 29 2.126099707 0.002991323 
CAV3, HOXA13, PGF, DRD2, CTNND2, PPP3R1, DAG1, SRC, LGR4, WNT1, FAT4, BCL2, SEMA3E, NFATC4, MYC, SLC12A2, MET, NTN4, SMAD4, LEF1, HGF, 
GRHL2, WNT2B, MYCN, NOTCH1, VEGFA, WNT9B, TMTC3, AREG 1.800024816 1 0.048793464 5.781032186 
GO:0060065~uterus development 7 0.513196481 0.002998384 CDKN1C, MYOCD, GATA3, LHCGR, SMAD4, WNT9B, SRC 4.621380328 1 0.048801812 5.794294781 
GO:0048608~reproductive structure 
development 
53 3.885630499 0.003057831 
HNF1A, ARID4A, LHCGR, ARID4B, PPARG, LGR4, PTGIS, MYOCD, GATA3, WDR77, GAB1, SERPINE1, FOSL1, MYC, CASP2, LEF1, GRHL2, INHBB, CCND1, 
NCOA1, EIF2S2, VEGFA, MC2R, ASB1, WNT9B, PDGFRA, STC1, JMJD1C, HOXA13, HMGCS1, KITLG, KIT, SRC, ACE, PEG10, OVOL2, BCL2, IDH1, AGO4, PLAG1, 
CAPN5, MAP2K1, MET, SMAD4, AXL, SIRT1, SNAI1, WNT2B, CDKN1C, NOTCH2, NOTCH1, PRLR, GFRA1 
1.503495944 1 0.049640699 5.905884256 
GO:0071417~cellular response to 
organonitrogen compound 
55 4.032258065 0.003063916 
OPRM1, RNASEL, CPEB2, CPEB3, GLRA3, PPARG, NAP1L1, RHOQ, ZEB1, SLC2A8, WNT1, PDE4B, SERPINE1, EEF2K, MYC, MTUS1, PID1, SOGA1, TP53, SOCS7, 
CFTR, UBR1, IRS1, PRKCB, INHBB, CRHR1, PRKCQ, PDGFRA, AKAP6, STC1, VAMP2, GLP1R, TH, RRAGD, SRC, XBP1, HCN3, PIK3R2, SHMT1, KLF6, ESRRA, 
NOS1, CREB1, IL1RN, MET, NR4A2, MSTN, USF1, COL5A2, SIRT1, PPP1R9B, RPL13A, IRF1, MARCKS, KLF4 
1.490370521 1 0.049631745 5.917300471 
GO:0031060~regulation of histone 
methylation 
12 0.879765396 0.003078497 ASXL2, PHF19, XBP1, GATA3, PAX7, RTF1, SMAD4, KDM4C, CTCFL, SIRT1, NSD1, SUPT6H 2.811162227 1 0.049756883 5.944648769 
GO:0043666~regulation of 
phosphoprotein phosphatase activity 
12 0.879765396 0.003078497 PPP1R9B, CRY2, ROCK1, PPP2R5A, DRD2, PPP1R11, ARPP19, AKAP6, PDGFRB, RCAN1, FKBP1A, FKBP1B 2.811162227 1 0.049756883 5.944648769 
GO:0031102~neuron projection 
regeneration 
12 0.879765396 0.003078497 MAP4K4, EPHA4, GFAP, NOS1AP, MAP2K1, XYLT1, BCL2, CHST3, HGF, FKBP1B, KLF4, CALU 2.811162227 1 0.049756883 5.944648769 
GO:1903510~mucopolysaccharide 
metabolic process 
12 0.879765396 0.003078497 HYAL3, EGFLAM, NDST1, XYLT1, CHST12, DSEL, VEGFA, CHST3, CHST13, HGF, GLCE, HS2ST1 2.811162227 1 0.049756883 5.944648769 
GO:0040013~negative regulation of 
locomotion 
33 2.419354839 0.003097162 
STRAP, DRD2, DAG1, TRIM10, BCL2, MARVELD3, GATA3, SEMA3E, SERPINE1, RRAS, PLCB1, ARHGDIB, RECK, MUC2, DAB2IP, ABR, PTPRM, IL1RN, PTPRR, 
PADI2, CORO1C, SEMA6A, NOTCH1, SEMA4F, SEMA4C, SEMA4B, STC1, HTR2C, IGFBP3, KLF4, TP53INP1, SRGAP2, RNF41 
1.717932472 1 0.049945751 5.979645603 
GO:0030278~regulation of ossification 26 1.906158358 0.003115519 
CALCR, PDLIM7, CCR1, JAG1, CALCA, BCL2, CREB3L1, LTF, AXIN2, TWIST2, FNDC3B, ASXL2, ESRRA, LMNA, FGF23, CDK6, SKI, PRKD1, NOTCH1, ACVR2B, 
DKK1, VEGFA, AREG, TOB2, LRP4, SUCO 
1.86946927 1 0.050128936 6.014053068 
GO:0002521~leukocyte differentiation 51 3.739002933 0.003156889 
CALCR, CLDN18, CCR1, MITF, PPARG, SOX4, KITLG, ZEB1, RORA, KIT, CBFA2T3, TPD52, PNP, SRC, CALCA, WNT1, ATG5, XBP1, BCL2, BCL11B, GATA3, RRAS, 
BCL6, INPP5D, MYC, CSF1R, ASXL2, SATB1, ESRRA, ZBTB46, CR2, CREB1, TP53, AXL, LEF1, DLL1, CDK6, NFAM1, MYH9, FOXP3, FOXP1, PPARGC1B, FARP2, 
NOTCH2, PKNOX1, GPR55, VEGFA, IRF1, IRF4, TOB2, RNF41 
1.514808276 1 0.050671798 6.091550895 
GO:0035295~tube development 68 4.985337243 0.003221285 
PGF, LHCGR, VPS52, ZEB1, JAG1, CALB1, LGR4, HS2ST1, WNT1, MYOCD, GATA3, PAX7, SEMA3E, RARB, MYC, FNDC3B, DAB2IP, RET, LEF1, CFTR, DLL1, 
EDAR, GRHL2, MYCN, INHBB, ACVR2B, VEGFA, WNT9B, SEMA4C, PDGFRA, RELN, JMJD1C, ATXN1L, CUX1, CLDN18, HOXA13, PPP3R1, DAG1, SOX4, KIT, 
SRC, ACE, OVOL2, FAT4, BCL2, NFATC4, MAP2K1, SLC12A2, CREB1, PODXL, MET, SMAD4, SKI, GAS1, TP73, FOXP1, FOXP2, WNT2B, NOTCH2, EPHA4, 
NOTCH1, RPL13A, TRPS1, ZIC5, HEYL, TMTC3, AREG, NCOR2 
1.419044534 1 0.051571655 6.212062851 
GO:0042158~lipoprotein biosynthetic 
process 
15 1.099706745 0.003247259 PGAP2, PIGZ, ZDHHC8, PPM1A, WIPI2, ZDHHC15, NMT2, ZDHHC23, ZDHHC17, ZDHHC16, ATG5, ATG4B, SVIP, CLIP3, MAP6D1 2.420723029 1 0.051868554 6.260629265 
GO:0071375~cellular response to peptide 
hormone stimulus 
33 2.419354839 0.003274931 
RNASEL, CPEB2, PPARG, NAP1L1, RHOQ, SRC, SLC2A8, WNT1, XBP1, SERPINE1, EEF2K, MYC, MTUS1, PIK3R2, PID1, ESRRA, SOGA1, CREB1, MET, NR4A2, 
SOCS7, MSTN, USF1, IRS1, SIRT1, PRKCB, INHBB, CRHR1, PRKCQ, IRF1, MARCKS, VAMP2, GLP1R 
1.711796999 1 0.052190492 6.312345412 
GO:0040017~positive regulation of 
locomotion 
48 3.519061584 0.003290353 
GCNT2, CCR1, ONECUT2, TNFSF14, KITLG, KIT, AMOTL1, CXCL11, SRC, CXCL10, BCL2, GATA3, SERPINE1, SEMA3E, MYC, CSF1R, DAB2IP, RET, PLET1, MYO1C, 
MAP2K1, SWAP70, PODXL, MET, TP53, LEF1, HGF, DAPK2, PRKCE, MYADM, SNAI1, IRS1, FOXP1, TRIM21, PRKD1, CDH13, SEMA6A, NOTCH1, PLCG1, 
SEMA4F, CXCL16, VEGFA, TRIM32, SEMA4C, PDGFRA, PDGFRB, SEMA4B, RELN 
1.535612846 1 0.052321046 6.341154656 
GO:0060326~cell chemotaxis 28 2.052785924 0.00337661 
CCR1, TNFSF14, PIP5K1A, KIT, CXCL11, CXCL10, CALCA, CCL22, SERPINE1, PDE4B, MTUS1, SWAP70, MET, PADI2, LEF1, HGF, DAPK2, PRKD1, PRKCQ, 
NOTCH1, RPL13A, LYST, CXCL16, VEGFA, PDGFRA, PDGFRB, TREM1, PARVA 1.807473195 1 0.053546157 6.502137504 
GO:1904063~negative regulation of cation 
transmembrane transport 11 0.806451613 0.003392554 CRHR1, CAV3, DRD2, NEDD4, ANK3, PLN, FKBP1A, NEDD4L, OXSR1, ATP1A2, FKBP1B 2.95866148 1 0.053681161 6.531864594 
GO:0035305~negative regulation of 
dephosphorylation 14 1.026392962 0.003397102 PPP1R9B, PPP1R16B, CNST, CRY2, ROCK1, CSRNP3, SWAP70, RIMBP2, PPP1R11, DLG3, LMTK3, FKBP1A, SPRED1, FKBP1B 2.510379437 1 0.053640279 6.540343822 
GO:0014033~neural crest cell 
differentiation 14 1.026392962 0.003397102 NRP2, RET, EFNB1, SMAD4, LEF1, KITLG, JAG1, CORO1C, SEMA6A, OVOL2, SEMA4F, SEMA3E, SEMA4C, SEMA4B 2.510379437 1 0.053640279 6.540343822 
GO:0043067~regulation of programmed 
cell death 
127 9.31085044 0.003399682 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, PTGIS, ATG5, MYOCD, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, DAB2IP, RET, PDXK, 
ROCK1, RAD9A, DLL1, MAP4K4, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, CLIP3, GLP1R, FBXO10, SYVN1, HOXA13, PAFAH2, ADAMTSL4, SOX4, BDKRB2, 
SRC, PEA15, ACE, BMF, CSF1R, HIP1, MUC2, BMP3, MAP2K1, MET, IL1RN, NR4A2, MSTN, RNPS1, OXSR1, GAS1, DOCK8, HGF, HS1BP3, FOXP1, NOTCH2, 
EI24, NOTCH1, DLX1, UACA, CSRNP3, HDAC1, TRPS1, KLF4, BMP8B, FAM175B, MITF, PPARG, PDCD4, PRMT2, EEF2K, TGFA, AGAP2, CASP2, FOSL1, MYC, 
PGAP2, NOS1AP, ANP32B, CYCS, TP53, LEF1, PRKCH, DAPK2, PRKCE, INHBB, PRKCQ, NCOA1, SERPINB2, PLA2G6, PSME3, MDM4, MAP3K14, FAIM2, 
ZMYND11, ING3, UNG, HK1, KITLG, KIT, MOAP1, XBP1, BCL2, BCL11B, BCL6, NFATC4, INPP5D, AGO4, IL2RB, DNM1L, NOS1, CREB1, ASIC2, LMNA, AXL, 
MAL, TMBIM1, SNAI1, SIRT1, TP73, BNC2, SMPD1, IGFBP3, TP53INP1 
1.272131688 1 0.053569341 6.545152499 
GO:0003015~heart process 24 1.759530792 0.003433757 
CAV3, DNM1L, NOS1, SCN2B, NOS1AP, DRD2, MET, ATP1A2, SIRT1, FKBP1B, SRC, CALCA, ACE, ATG5, ANK2, PLN, PDE4B, AKAP6, STC1, CACNA1E, MDM4, 
NEDD4L, GLP1R, ADRA1D 1.915297341 1 0.053981156 6.608646468 
GO:0008016~regulation of heart 
contraction 22 1.612903226 0.003466937 
CAV3, GNAO1, NOS1, GNAI2, SCN2B, NOS1AP, DRD2, TH, ATP1A2, SIRT1, FKBP1B, CALCA, ANK2, PLN, PDE4B, AKAP6, STC1, CACNA1E, MDM4, NEDD4L, 
GLP1R, ADRA1D 1.984692173 1 0.054377412 6.67043461 
GO:0032835~glomerulus development 12 0.879765396 0.003502967 COL4A4, NOTCH3, RET, NOTCH1, PODXL, BCL2, HEYL, PDGFRA, CTNND1, PDGFRB, JAG1, LGR4 2.766540604 1 0.054815261 6.737483668 
GO:0048753~pigment granule 
organization 
6 0.439882698 0.003516741 KIF13A, TRAPPC6A, LYST, RAB29, BCL2, GPR143 5.446626815 1 0.054912771 6.763105616 
GO:0016239~positive regulation of 
macroautophagy 
23 1.686217009 0.003587163 
SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, MSTN, HK1, CHST3, CALCOCO2, PEX3, SIRT1, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, ATG5, GMIP, 
MEX3C, ATPIF1, TREM1, PAFAH1B2 
1.942208011 1 0.055868909 6.893990628 
GO:0015909~long-chain fatty acid 
transport 
10 0.73313783 0.003640107 PNPLA8, ACE, ACSL1, DRD2, ABCD1, LHCGR, PPARG, PLA2G6, BDKRB2, SLC27A4 3.15746482 1 0.056556011 6.9922789 
GO:0044033~multi-organism metabolic 
process 
10 0.73313783 0.003640107 NOTCH1, ATG5, HDAC1, MDFIC, TRIM32, LEF1, CHD1, TRIM62, USF1, TRIM21 3.15746482 1 0.056556011 6.9922789 
GO:0008219~cell death 158 11.58357771 0.003650246 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, BRINP1, PTGIS, ATG5, MYOCD, UNC5A, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, RET, 
DAB2IP, PDXK, ROCK1, SIX3, RAD9A, DLL1, CRHR1, MAP4K4, PNPLA8, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, NGB, CLIP3, FBXO10, GLP1R, SYVN1, 
HOXA13, PAFAH2, ADAMTSL4, SOX4, BDKRB2, SRC, PEA15, ACE, ECE1, AXIN2, BMF, TMEM79, CSF1R, HIP1, BMP3, MUC2, MAP2K1, IL1RN, MET, NR4A2, 
SMAD4, MSTN, RNPS1, HGF, DOCK8, GAS1, OXSR1, HS1BP3, FOXP1, NOTCH2, IKBKE, EI24, DLX1, NOTCH1, UACA, CSRNP3, HDAC1, AKTIP, TRPS1, KLF4, 
1.231140253 1 0.056594289 7.011089833 
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BMP8B, LZTS2, FAM175B, SGPP1, MITF, PPARG, PDCD4, WISP2, TMEM109, PRMT2, MAPT, CDIP1, EEF2K, TGFA, AGAP2, MYC, CASP2, FOSL1, PGAP2, 
ANP32B, NOS1AP, CYCS, TP53, PRKCH, LEF1, DAPK2, PRKCE, MYCN, PRKCB, PRKD1, INHBB, MFN2, PRKCQ, NCOA1, UBE2K, SERPINB2, PLA2G6, PSME3, 
MDM4, MAP3K14, FAIM2, SRGAP2, ZMYND11, ING3, UNG, HK1, KITLG, KIT, NPTX1, MOAP1, XBP1, BCL2, BCL11B, SLC4A7, BCL6, NFATC4, INPP5D, AGO4, 
IL2RB, NOS1, DNM1L, CREB1, ASIC2, AXL, LMNA, DPYSL4, MAL, TMBIM1, SNAI1, BRAT1, SIRT1, TP73, BNC2, IRF1, SMPD1, IGFBP3, RNF41, TP53INP1, HTR2A 
GO:0016265~death 158 11.58357771 0.003650246 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, BRINP1, PTGIS, ATG5, MYOCD, UNC5A, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, RET, 
DAB2IP, PDXK, ROCK1, SIX3, RAD9A, DLL1, CRHR1, MAP4K4, PNPLA8, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, NGB, CLIP3, FBXO10, GLP1R, SYVN1, 
HOXA13, PAFAH2, ADAMTSL4, SOX4, BDKRB2, SRC, PEA15, ACE, ECE1, AXIN2, BMF, TMEM79, CSF1R, HIP1, BMP3, MUC2, MAP2K1, IL1RN, MET, NR4A2, 
SMAD4, MSTN, RNPS1, HGF, DOCK8, GAS1, OXSR1, HS1BP3, FOXP1, NOTCH2, IKBKE, EI24, DLX1, NOTCH1, UACA, CSRNP3, HDAC1, AKTIP, TRPS1, KLF4, 
BMP8B, LZTS2, FAM175B, SGPP1, MITF, PPARG, PDCD4, WISP2, TMEM109, PRMT2, MAPT, CDIP1, EEF2K, TGFA, AGAP2, MYC, CASP2, FOSL1, PGAP2, 
ANP32B, NOS1AP, CYCS, TP53, PRKCH, LEF1, DAPK2, PRKCE, MYCN, PRKCB, PRKD1, INHBB, MFN2, PRKCQ, NCOA1, UBE2K, SERPINB2, PLA2G6, PSME3, 
MDM4, MAP3K14, FAIM2, SRGAP2, ZMYND11, ING3, UNG, HK1, KITLG, KIT, NPTX1, MOAP1, XBP1, BCL2, BCL11B, SLC4A7, BCL6, NFATC4, INPP5D, AGO4, 
IL2RB, NOS1, DNM1L, CREB1, ASIC2, AXL, LMNA, DPYSL4, MAL, TMBIM1, SNAI1, BRAT1, SIRT1, TP73, BNC2, IRF1, SMPD1, IGFBP3, RNF41, TP53INP1, HTR2A 
1.231140253 1 0.056594289 7.011089833 
GO:0071456~cellular response to hypoxia 20 1.46627566 0.003677322 CPEB2, PDK3, TP53, LMNA, BDKRB2, RORA, PRKCE, SIRT1, KCNK3, SRC, NOTCH1, UCN2, PTGIS, HNF4A, MYOCD, BCL2, VEGFA, SERPINE1, STC1, MDM4 2.060189812 1 0.056887316 7.061305919 
GO:0060993~kidney morphogenesis 16 1.173020528 0.003724315 HNF1A, PGF, SMAD4, SOX4, CALB1, LGR4, HS2ST1, WNT2B, WNT1, FAT4, GATA3, BCL2, VEGFA, WNT9B, PDGFRB, MYC 2.300885255 1 0.05747804 7.14840246 
GO:0006479~protein methylation 22 1.612903226 0.003732307 
ASXL2, SATB1, KMT2D, RAB3B, ARID4A, ARID4B, SMAD4, CTCFL, WHSC1, SIRT1, PRMT2, PHF19, XBP1, GATA3, PAX7, RTF1, KDM4C, IRF4, NSD1, BAZ2A, 
SUPT6H, KMT5B 
1.972440986 1 0.057481986 7.16320657 
GO:0008213~protein alkylation 22 1.612903226 0.003732307 
ASXL2, SATB1, KMT2D, RAB3B, ARID4A, ARID4B, SMAD4, CTCFL, WHSC1, SIRT1, PRMT2, PHF19, XBP1, GATA3, PAX7, RTF1, KDM4C, IRF4, NSD1, BAZ2A, 
SUPT6H, KMT5B 
1.972440986 1 0.057481986 7.16320657 
GO:0034645~cellular macromolecule 
biosynthetic process 332 24.34017595 0.003818725 
RORA, HS2ST1, DDX17, CRY2, MED27, WDR77, CREB3L1, RARB, MRPL33, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, GLCE, PPARGC1B, OGFOD1, 
MED19, UHRF2, MTF1, HNF4A, SERPINF2, MCIDAS, TBRG1, VEGFA, PGM1, EIF2S2, FOXG1, MNT, PDGFRA, PDGFRB, TGIF2, ATXN1L, SUPT6H, GATC, 
MGAT5B, GCNT2, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, MYT1, TAL2, PLAGL1, TNKS, NAT10, RPS24, ASXL2, PLAG1, KLF6, MGAT4A, BMP3, ESRRA, 
MAP2K1, SMAD4, KLF17, MSTN, SKI, HGF, UBP1, USF1, SFMBT2, ZBTB42, NOTCH3, NOTCH2, ZFHX4, NOTCH1, DLX1, NR1I2, CSRNP3, TRPS1, JAZF1, 
RBMXL1, AREG, FOXI1, TCF12, KLF4, BCO2, NCOR2, BMP8B, CREBRF, HNF1A, CPEB2, CPEB3, PPARG, MITF, ZEB1, CCNE2, XYLT1, CHST12, ANP32A, CHST13, 
MKX, MYC, AGAP2, CSDC2, PGAP2, ZDHHC8, PHKG2, TP53, ERLIN1, SPEN, NFAM1, IL6R, FOSB, MXD4, FOXR2, MYCN, ZDHHC15, ZDHHC17, CCND1, 
ZDHHC16, NSD1, CLOCK, ZMYND11, POLR2F, FUT9, FUT8, SCML2, KIT, ZDHHC23, MRPL10, GALNT10, MPV17L2, RPL32, XBP1, BCL2, MRPL17, BCL11B, 
GMNC, PER2, GATAD2B, MLLT1, BCL6, BCL9L, FUT1, AGO4, ZSCAN29, BAZ2A, TLX2, MLLT3, NOS1, LMNA, TNP1, PPP1R10, ZFP2, ATMIN, TMPRSS6, SNAI1, 
TP73, TRIM21, PREB, COG3, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, OBFC1, ZBTB4, KDM8, NEUROD2, SVIP, TP53INP2, LRP4, TP53INP1, NCBP2, 
RNASEL, TUSC3, PSTK, HBS1L, CBX3, JAG1, MAF1, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, ATG5, MDFIC, GATA3, B3GALNT1, SLC25A27, TGS1, SAMD4A, 
PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, IRS1, PKIA, FOXN3, ELL2, IGSF1, TRIM32, NFE2L1, RELN, CLIP3, GLP1R, 
MAP6D1, CAMTA1, SYVN1, MRPS14, DRD2, STRAP, ONECUT2, SOX4, ST8SIA3, LIN28A, GREM2, SRC, NR2C2, SLX4, FOXQ1, OVOL2, RNF165, CNOT6L, 
OVOL1, TFDP2, AXIN2, TAF5, GINS3, MET, NR4A2, HACE1, WHSC1, FOXP3, WIPI2, TRIM62, FOXP1, FOXP2, CDKN1C, NMT2, PPIE, HDAC1, UCP3, NEDD4, 
GTF2F1, ZIC5, ATF7, POU6F1, E2F3, E2F5, NDST1, ARID4A, ARID4B, RHOQ, ALG6, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, KLHL25, PEX2, PAX7, 
WWC3, RTF1, LTF, LRRFIP1, PLCB1, FOSL1, KMT5B, IRAK2, TBL1XR1, KDM7A, CCDC88A, PIGZ, FOXJ2, CHST3, PADI2, PRKCH, LEF1, DDN, PURB, NRIP2, 
PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, ATG4B, MYRF, MDM4, JMJD1C, CUX1, ABLIM1, KMT2D, FRK, ING3, GALNT7, ABLIM3, CTNND2, PPP3R1, PPM1A, 
CTCFL, KITLG, CALCA, RGMB, MCMDC2, POU2F1, NFATC4, CHD3, PIK3R2, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, RPL13A, CDAN1, ATXN7, HEYL, IRF1, 
KDM4C, IRF4, POFUT1, RNF41 
1.135943527 1 0.058657458 7.323144395 
GO:0090066~regulation of anatomical 
structure size 51 3.739002933 0.003905945 
LIMA1, CHMP3, HNF1A, WASF1, MRVI1, ATG5, MAPT, SEMA3E, GUCY1A3, DISC1, RAB21, DBNL, RET, PTPRM, RAP1GDS1, CFTR, PRKCE, MYH9, MYADM, 
SEMA4F, SERPINF2, PLEKHH2, VEGFA, SEMA4C, WNT9B, CNTN2, SEMA4B, PLA2G6, ADD2, CAV3, RAB3B, BDKRB2, GCH1, CALCA, ACE, PIK3R2, INF2, NOS1, 
SLC12A2, MAP2K1, SWAP70, CREB1, SIRT1, TP73, GMFB, SEMA6A, KCNJ8, TMOD2, HTR2C, ADRA1D, HTR2A 
1.499476208 1 0.059838659 7.484300797 
GO:0051146~striated muscle cell 
differentiation 
32 2.346041056 0.003915257 CAV3, TNFSF14, CXCL10, WNT1, ATG5, MYOCD, XBP1, SPEG, BCL2, RARB, MET, LMNA, LEF1, RCAN1, SKI, MYH9, CACNA2D2, FOXP1, NOTCH1, DKK1, 
ANKRD23, XIRP1, HDAC1, MYPN, TRIM32, VEGFA, PDGFRA, TMOD2, AKAP6, PDGFRB, TMTC3, NEK5 
1.708745667 1 0.05985734 7.501491389 
GO:0016575~histone deacetylation 12 0.879765396 0.003973014 PRKD1, TBL1XR1, HDAC1, MTA2, VEGFA, TP53, PER2, BCL6, SIRT6, FOXP3, SIRT1, BAZ2A 2.723313407 1 0.060593618 7.608043279 
GO:1900542~regulation of purine 
nucleotide metabolic process 
25 1.832844575 0.004000327 
OPRM1, CALCR, DRD2, PFKFB3, LHCGR, CBFA2T3, CXCL11, CXCL10, CALCA, ECE1, GUCY1A3, MYC, PID1, TBL1XR1, DNM1L, NOS1, TP53, SIRT6, CRHR1, 
GRM7, VEGFA, MC2R, AKAP6, ATPIF1, HTR2A 
1.862094638 1 0.060876654 7.658390607 
GO:2001234~negative regulation of 
apoptotic signaling pathway 
26 1.906158358 0.004038213 
ZMYND11, SYVN1, BDKRB2, SRC, PEA15, XBP1, BCL2, SERPINE1, CREB3L1, RNF34, AGAP2, BMF, PGAP2, NR4A2, LMNA, TMBIM1, GAS1, HGF, SIRT1, SNAI1, 
HDAC1, TRIM32, VEGFA, MNT, PSME3, FAIM2 
1.833168896 1 0.061314295 7.728184721 
GO:0010921~regulation of phosphatase 
activity 
19 1.392961877 0.00406855 
CNST, ROCK1, DRD2, PPP2R5A, RIMBP2, PPP1R11, ARPP19, FKBP1A, RCAN1, FKBP1B, PPARGC1B, PPP1R9B, CRY2, CSRNP3, AKAP6, DLG3, PDGFRB, LMTK3, 
SPRED1 
2.090624434 1 0.061638987 7.784037209 
GO:0060359~response to ammonium ion 18 1.319648094 0.004124821 OPRM1, GNAO1, NOS1, SLC6A1, DRD2, SLC6A3, SNCA, FOSB, PRKCE, CRHR1, PEA15, PPP1R9B, KCNQ3, PLCG1, SMPD1, HCN3, MYC, HTR2A 2.14293514 1 0.062342576 7.887546908 
GO:0019722~calcium-mediated signaling 18 1.319648094 0.004124821 LHCGR, PPP3R1, RCAN1, ATP1A2, GPR143, FKBP1B, TPCN2, PPP1R9B, CDH13, KSR2, ANK2, PLCG1, NMUR1, PLN, NEUROD2, AKAP6, NFATC4, ADGRL1 2.14293514 1 0.062342576 7.887546908 
GO:0048593~camera-type eye 
morphogenesis 
18 1.319648094 0.004124821 PTPRM, YY1, SDK2, TH, SIX3, SKI, DLL1, ZEB1, JAG1, CALB1, EPHB2, MFN2, NOTCH2, PVRL1, FAT3, VEGFA, POU2F1, SLC4A7 2.14293514 1 0.062342576 7.887546908 
GO:0006897~endocytosis 52 3.812316716 0.004188132 
SYT1, SYNJ1, PPARG, SNCA, CXCR1, ILDR1, ITSN1, CD47, ATG5, RSPO1, SERPINE1, EEF2K, NEURL1B, CAP1, RAB21, DBNL, DLL1, ACKR4, MYH9, ELMO1, 
VEGFA, CNTN2, CLIP3, EPN2, CAV3, CALCR, SNX9, RAP1GAP, DRD2, EEA1, SNX4, SRC, CALCA, LRRTM2, TOR1A, NEDD4L, FCHO2, HIP1, EHD4, GPR107, 
UNC119, DNM1L, ABR, AXL, STAB2, TMPRSS4, DKK1, CDC42SE2, NEDD4, CXCL16, SNX30, LRP4 
1.486743278 1 0.063145789 8.003878175 
GO:0042981~regulation of apoptotic 
process 
125 9.164222874 0.004188952 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, PTGIS, ATG5, MYOCD, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, DAB2IP, RET, PDXK, 
ROCK1, RAD9A, DLL1, MAP4K4, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, CLIP3, GLP1R, FBXO10, SYVN1, HOXA13, PAFAH2, ADAMTSL4, SOX4, BDKRB2, 
SRC, PEA15, ACE, BMF, CSF1R, HIP1, MUC2, BMP3, MAP2K1, IL1RN, NR4A2, MSTN, RNPS1, OXSR1, GAS1, DOCK8, HGF, HS1BP3, FOXP1, NOTCH2, EI24, 
NOTCH1, DLX1, UACA, CSRNP3, HDAC1, TRPS1, KLF4, BMP8B, FAM175B, MITF, PPARG, PDCD4, PRMT2, EEF2K, TGFA, AGAP2, CASP2, FOSL1, MYC, PGAP2, 
NOS1AP, ANP32B, CYCS, TP53, LEF1, PRKCH, DAPK2, PRKCE, INHBB, PRKCQ, NCOA1, SERPINB2, PLA2G6, PSME3, MDM4, MAP3K14, FAIM2, ZMYND11, 
ING3, UNG, HK1, KITLG, MOAP1, XBP1, BCL2, BCL11B, BCL6, NFATC4, INPP5D, AGO4, IL2RB, DNM1L, NOS1, CREB1, ASIC2, LMNA, AXL, MAL, TMBIM1, 
SNAI1, SIRT1, TP73, BNC2, SMPD1, IGFBP3, TP53INP1 
1.26606853 1 0.063033535 8.005383061 
GO:0006473~protein acetylation 24 1.759530792 0.00421358 
ING3, HNF1A, NOS1, TAF5, SNCA, SMAD4, SOX4, LEF1, FOXP3, SIRT1, MSL2, NCOA1, JADE2, RPS6KA4, ATG5, NAA50, MYOCD, HDAC1, BRPF3, XBP1, GATA3, 
ANP32A, IRF4, CLOCK 1.884238466 1 0.063268454 8.050597031 
GO:0010827~regulation of glucose 
transport 14 1.026392962 0.004216749 PID1, RNASEL, MET, ADIPOR2, RHOQ, SIRT6, IRS1, PRKCB, PEA15, MARCKS, SLC25A27, CLIP3, MYC, GLP1R 2.449888366 1 0.063190573 8.056414186 
GO:0098660~inorganic ion 
transmembrane transport 
62 4.545454545 0.004243897 
CALHM1, OPRM1, JPH3, KCNC3, SLC6A3, GLRA3, UQCRQ, KCNQ3, ANK2, ANK3, PDE4B, GABRG3, SCN2B, NOS1AP, CACNG4, CFTR, CACNG2, CRHR1, GRM7, 
CLIC5, SLC26A9, AKAP6, PLA2G6, KCNH7, VAMP2, PCYOX1, CAV3, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, FKBP1A, CACNB3, FKBP1B, TPCN2, ORAI3, KCNS2, 
BEST1, NEDD4L, SCNN1G, SLC30A3, SLC31A2, HCN3, SLC30A6, NOS1, SLC12A2, GABRA3, ASIC2, ATP1A2, OXSR1, CACNA2D2, KCNK3, PLCG1, UCP3, KCNJ8, 
NEDD4, ATP6V1E1, PLN, KCNN3, CACNA1E, SCN4A 
1.429379312 1 0.063460729 8.106226289 
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GO:0007009~plasma membrane 
organization 33 2.419354839 0.004282304 
PACS1, CALCR, CAV3, SNX9, PPP2R5A, PPFIA1, PPIL2, RHOQ, PIP5K1A, KIF13A, ZDHHC23, TSPAN33, ANK2, FAT4, ANK3, VPS4A, LYPLAL1, FCHO2, PIK3R2, 
PID1, GPR158, CNST, ROCK1, FLOT2, TSPAN14, CRB3, TMBIM1, MYADM, BBS1, PPP1R9B, MYRF, CLIP3, VAMP2 1.681765473 1 0.063892595 8.176653617 
GO:0090287~regulation of cellular 
response to growth factor stimulus 28 2.052785924 0.004303313 
CAV3, HOXA13, STRAP, ONECUT2, PPM1A, ZEB1, GREM2, WNT1, PEG10, MYOCD, RNF165, GATA3, BCL9L, DAB2IP, MYO1C, TP53, SMAD4, DLL1, SKI, 
TMPRSS6, SIRT1, PRKCB, CDKN1C, NOTCH2, NOTCH1, DKK1, NEDD4, VEGFA 1.775901611 1 0.064071489 8.215157068 
GO:0045860~positive regulation of protein 
kinase activity 
44 3.225806452 0.004328193 
SNX9, SRCIN1, GNAI2, DRD2, ATG13, SNCA, KITLG, LPAR2, KIT, SRC, CALCA, ACE, ACSL1, MDFIC, GAB1, LTF, TGFA, AXIN2, AGAP2, CSF1R, IRAK2, UNC119, 
DAB2IP, CCDC88A, MAP2K1, IL1RN, MET, IL6R, HGF, OXSR1, SIRT1, TP73, EPHA4, ACVR2B, CCND1, MAP3K15, PRLR, HNF4A, VEGFA, PDGFRB, AKAP6, 
MARCKS, RELN, HTR2A 
1.547387118 1 0.064305372 8.260733709 
GO:0042417~dopamine metabolic process 8 0.586510264 0.004364903 DRD2, MAOA, SLC6A3, TH, SNCA, NR4A2, HTR2C, GCH1 3.748216303 1 0.064708244 8.327944297 
GO:0055006~cardiac cell development 13 0.953079179 0.004396731 CAV3, NOTCH1, ATG5, XIRP1, MYOCD, SPEG, MET, VEGFA, PDGFRA, LMNA, AKAP6, PDGFRB, JAG1 2.551572922 1 0.065039367 8.386176849 
GO:0014032~neural crest cell 
development 
13 0.953079179 0.004396731 NRP2, CORO1C, SEMA6A, RET, OVOL2, SEMA4F, EFNB1, SEMA3E, SEMA4C, KITLG, LEF1, SEMA4B, JAG1 2.551572922 1 0.065039367 8.386176849 
GO:0048259~regulation of receptor-
mediated endocytosis 
13 0.953079179 0.004396731 CAV3, UNC119, DKK1, RSPO1, DRD2, LRRTM2, SYNJ1, SERPINE1, VEGFA, NEDD4L, SRC, RAB21, HIP1 2.551572922 1 0.065039367 8.386176849 
GO:0014009~glial cell proliferation 9 0.659824047 0.00443337 PLAG1, GFAP, NOTCH1, NAP1L1, SOX4, PRKCH, SKI, AREG, MYC 3.351770348 1 0.06543787 8.453169905 
GO:0019083~viral transcription 9 0.659824047 0.00443337 NOTCH1, HDAC1, MDFIC, TRIM32, LEF1, CHD1, TRIM62, USF1, TRIM21 3.351770348 1 0.06543787 8.453169905 
GO:0090311~regulation of protein 
deacetylation 
9 0.659824047 0.00443337 PRKD1, TRPS1, VEGFA, TP53, BCL6, SPRED1, FOXP3, SIRT1, NCOR2 3.351770348 1 0.06543787 8.453169905 
GO:1901699~cellular response to nitrogen 
compound 
59 4.325513196 0.004513255 
OPRM1, RNASEL, CPEB2, CPEB3, GLRA3, PPARG, NAP1L1, RHOQ, ZEB1, SLC2A8, WNT1, TMEM173, KCNQ3, PDE4B, SERPINE1, EEF2K, MYC, MTUS1, PID1, 
SOGA1, TP53, SOCS7, CFTR, UBR1, IRS1, PRKCB, CRHR1, INHBB, PRKCQ, PDGFRA, AKAP6, STC1, VAMP2, GLP1R, TH, RRAGD, LIN28A, SRC, XBP1, AGO4, 
HCN3, PIK3R2, KLF6, SHMT1, ESRRA, NOS1, CREB1, MET, IL1RN, NR4A2, MSTN, USF1, COL5A2, SIRT1, PPP1R9B, RPL13A, IRF1, MARCKS, KLF4 
1.440228491 1 0.066451304 8.599073381 
GO:0045995~regulation of embryonic 
development 17 1.246334311 0.004520899 PPP2R3A, IL1RN, DAG1, DLL1, COL5A2, SNAI1, MYADM, NR2C2, WNT2B, WNT1, NOTCH1, DKK1, HNF4A, GATA3, TGIF2, PLCB1, KLF4 2.185077424 1 0.066432435 8.613022919 
GO:0002009~morphogenesis of an 
epithelium 
52 3.812316716 0.004549884 
PGF, JAG1, LGR4, VCL, HS2ST1, WNT1, GATA3, SEMA3E, DLG3, MYC, RET, LEF1, DLL1, GRHL2, MYCN, VEGFA, WNT9B, SEMA4C, HOXA13, DAG1, PPP3R1, 
CTNND1, SOX4, SRC, FOXQ1, OVOL2, FAT4, BCL2, TOR1A, POU2F1, NFATC4, SCNN1G, TMEM79, MLLT3, PLET1, SLC12A2, PODXL, MET, GRSF1, SMAD4, 
NTN4, SKI, HGF, SNAI1, WNT2B, EPHA4, NOTCH2, NOTCH1, ZIC5, TMTC3, AREG, KLF4 
1.480912912 1 0.06671663 8.665899639 
GO:0007626~locomotory behavior 28 2.052785924 0.004565758 
OPRM1, SCN1A, DRD2, SLC6A3, ADCY5, SNCA, TH, CALB1, MYO15A, MAPT, ABHD12, B4GALT2, GNAO1, EFNB3, ZDHHC8, NR4A2, RCAN1, ATP1A2, PRKCE, 
GMFB, CRHR1, EPHA4, NAV2, CNTN2, CACNA1E, RELN, ADAM22, HTR2C 
1.768180299 1 0.066813913 8.694845801 
GO:0050806~positive regulation of 
synaptic transmission 
20 1.46627566 0.004644383 NETO2, SYT1, RAB3B, STX1A, GFAP, NOS1, DRD2, CRTC1, CREB1, SNCA, PRKCE, NETO1, CRHR1, LRRTM2, TOR1A, RELN, VAMP2, LGI1, HTR2C, NAT8L 2.017269191 1 0.067797512 8.838091328 
GO:0015718~monocarboxylic acid 
transport 
20 1.46627566 0.004644383 
SLC16A14, HNF1A, SLC6A1, DRD2, ABCD1, LHCGR, PPARG, BDKRB2, SLC10A2, SLCO2A1, PNPLA8, SLC16A1, ACE, ACSL1, PLA2G6, SLCO3A1, ACSL4, MYC, 
HTR2C, SLC27A4 
2.017269191 1 0.067797512 8.838091328 
GO:0016573~histone acetylation 20 1.46627566 0.004644383 ING3, HNF1A, NOS1, TAF5, SNCA, SMAD4, LEF1, FOXP3, SIRT1, MSL2, JADE2, NCOA1, RPS6KA4, ATG5, NAA50, BRPF3, GATA3, ANP32A, IRF4, CLOCK 2.017269191 1 0.067797512 8.838091328 
GO:0031667~response to nutrient levels 80 5.865102639 0.004668222 
ARSB, OPRM1, LDHA, CRNKL1, SLC6A1, PPARG, ZEB1, PEX3, CXCL10, SLC16A1, ATG5, MAPT, SERPINE1, NQO1, TBL1XR1, ATG9A, PDXK, ZDHHC8, TP53, 
ADIPOR2, FGF23, CHST3, ZCCHC17, PRKCB, INHBB, CCND1, NCOA1, UCN2, ATG4B, CLIC5, VEGFA, WNT9B, STC1, ATPIF1, TREM1, SLC27A4, SCN1A, ATG13, 
TH, HMGCS1, CALCOCO2, HK1, RRAGD, FKBP1B, SRC, NR2C2, TPCN2, RIMS3, CALCB, ACE, ACSL1, GMIP, XBP1, BCL2, STX17, PAFAH1B2, ACSL4, MUC2, 
DNM1L, NOS1, MAP2K1, MAP1A, IL1RN, AK3, MSTN, SIRT6, WIPI2, USF1, SIRT1, FAM131B, KCNK3, WNT2B, TBC1D25, UCP3, MEX3C, DPYD, HTR2C, BMP8B, 
TP53INP2, TP53INP1 
1.354250645 1 0.068004447 8.88148015 
GO:1903651~positive regulation of 
cytoplasmic transport 
31 2.272727273 0.00467496 
NCBP2, DPH6, XPO4, ABLIM3, LHCGR, ATG13, SNCA, PPP3R1, PPM1A, TNFSF14, CXCL11, CXCL10, TMEM173, XBP1, NMUR1, RAB21, PIK3R2, ELMOD1, 
CNST, ANP32B, ZDHHC8, LRRC46, SMAD4, EDAR, CDKL2, PRKCQ, UACA, PLCG1, NEDD4, KCNN3, AKAP6 
1.705509407 1 0.067970023 8.893741598 
GO:0046849~bone remodeling 14 1.026392962 0.004682585 CALCR, CLDN18, HNF1A, NCDN, MITF, LGR4, PPARGC1B, SRC, CALCA, NOTCH2, GPR55, VEGFA, INPP5D, CSF1R 2.420723029 1 0.06794817 8.907613134 
GO:0090344~negative regulation of cell 
aging 
6 0.439882698 0.004703183 WNT1, FZR1, BCL6, CDK6, SIRT1, MARCH5 5.126237002 1 0.068108176 8.945078038 
GO:0032225~regulation of synaptic 
transmission, dopaminergic 
6 0.439882698 0.004703183 RAB3B, CNTNAP4, DRD2, TOR1A, SNCA, NAT8L 5.126237002 1 0.068108176 8.945078038 
GO:0090596~sensory organ 
morphogenesis 
33 2.419354839 0.004768382 PPP2R3A, TH, LRIG1, ZEB1, JAG1, CALB1, EPHB2, WNT1, PVRL1, FAT3, BCL2, MYO15A, GATA3, POU2F1, SLC4A7, RARB, MYC, PTPRM, ABR, YY1, SDK2, SIX3, 
DLL1, SKI, GAS1, COL5A2, MFN2, NOTCH2, HDAC1, CLIC5, FOXG1, VEGFA, FOXI1 
1.670045853 1 0.068890857 9.063567608 
GO:0021544~subpallium development 7 0.513196481 0.004806203 BBS1, DLX1, DRD2, BCL11B, CNTNAP2, RARB, FOXP2 4.2362653 1 0.069288346 9.132234179 
GO:0010996~response to auditory 
stimulus 
7 0.513196481 0.004806203 XPC, NRXN2, DRD2, CNTNAP2, ABHD12, FOXP2, CXCL10 4.2362653 1 0.069288346 9.132234179 
GO:0009611~response to wounding 73 5.351906158 0.00485363 
OPRM1, F2RL2, METAP1, GFAP, PPARG, RORA, VCL, CD47, WNT1, GP5, PTGIS, HPSE, XYLT1, GATA3, PAX7, PROZ, SERPINE1, TGFA, MYC, INA, GBP5, TP53, 
F8, ADIPOR2, CHST3, MYH9, PRKCE, PRKCQ, THBD, UCN2, HNF4A, SERPINF2, LYST, VEGFA, SERPINB2, PDGFRA, PDGFRB, RELN, VAMP2, CLOCK, CAV3, 
DRD2, SNX4, FAM46A, FKBP1B, CALU, ACE, IL10RB, BCL2, TOR1A, BCL6, SCNN1G, UCK2, KLF6, PLET1, ABR, MAP2K1, MET, ASIC2, AXL, MSTN, STAB2, HGF, 
FOXP3, TMPRSS6, FOXP1, NOTCH3, NOTCH2, EPHA4, NOTCH1, UACA, SLC7A2, KLF4 
1.37519674 1 0.069817723 9.218273384 
GO:0005975~carbohydrate metabolic 
process 
67 4.91202346 0.004865146 
SLC5A3, LDHA, GNPDA1, TUSC3, NDST1, LHCGR, SNCA, PGD, SYNJ1, ALG6, RORA, CBFA2T3, HS2ST1, CHST10, HPSE, TKFC, CHST12, B3GALNT1, CHST13, 
MYC, YDJC, HYAL3, PIGZ, SOGA1, PHKG2, TP53, CHST3, PFKM, PRKCE, IRS1, HNF4A, MLEC, PGM1, ALDOA, SYVN1, MGAT5B, GCNT2, FUT9, GALNT7, FUT8, 
PFKFB3, HK1, ST8SIA3, SRC, GALM, GALNT10, PER2, IDH1, FUT1, TNKS, GK5, GPD2, MGAT4A, B4GALT2, PDK3, ARPP19, SIRT6, FUCA2, USF1, SIRT1, BRAT1, 
COG3, GBA3, COG6, IGFBP3, POFUT1, HTR2A 
1.398176232 1 0.069846551 9.239152274 
GO:0060548~negative regulation of cell 
death 88 6.451612903 0.004869539 
FAM175B, MITF, SNCA, TNFSF14, ITSN1, PDCD4, WNT1, WISP2, TMEM109, ATG5, MYOCD, GATA3, SERPINE1, EEF2K, CREB3L1, TGFA, SLC25A27, RARB, 
NQO1, RNF34, AGAP2, MYC, TWIST2, PGAP2, PDXK, ROCK1, NOS1AP, ANP32B, TP53, LEF1, PRKCH, DLL1, PRKCE, PRKD1, CRHR1, PRKCQ, MAP4K4, VEGFA, 
TRIM32, MNT, SERPINB2, PDGFRB, PSME3, MDM4, NGB, FAIM2, GLP1R, SRGAP2, ZMYND11, SYVN1, PAFAH2, UNG, SOX4, KITLG, HK1, BDKRB2, KIT, SRC, 
PEA15, XBP1, BCL2, BCL11B, BCL6, AGO4, BMF, CSF1R, IL2RB, NOS1, CREB1, MET, IL1RN, ASIC2, NR4A2, SMAD4, LMNA, AXL, GAS1, DOCK8, HGF, TMBIM1, 
SNAI1, SIRT1, TP73, FOXP1, NOTCH1, DLX1, HDAC1, KLF4 
1.330012236 1 0.069776619 9.247116345 
GO:0055085~transmembrane transport 108 7.917888563 0.004888204 
CALHM1, CTTNBP2NL, KCNC3, TUSC3, SLC6A1, SLC22A12, SLC22A15, SLC6A3, SLC7A6, SLC2A8, SLC16A1, ANK2, ANK3, PDE4B, SERPINE1, FLVCR2, GRID1, 
GJD3, SCN2B, ABCC12, MYH9, CRHR1, PDGFRB, AKAP6, RELN, STC1, SLC38A1, VAMP2, CAV3, NETO2, SLC2A13, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, 
CACNB3, SFXN2, ORAI3, OAZ2, ACE, KCNS2, SLC30A3, SLC31A2, HCN3, SLC30A6, GABRA3, SLC6A14, SLC6A17, OXSR1, CACNA2D2, KCNK3, PLCG1, UCP3, 
NEDD4, SLC7A2, KCNJ8, GRK6, CACNA1E, OPRM1, SLC16A14, JPH3, GLRA3, PEX3, UQCRQ, TMEM109, KCNQ3, PEX2, SLC35D2, GPIHBP1, MYC, GABRG3, 
SVOP, NOS1AP, CACNG4, SLC7A10, CFTR, CACNG2, ZDHHC17, MAGT1, GRM7, CLIC5, SLC26A9, KCNH7, PLA2G6, PCYOX1, MFSD8, ABCD1, HK1, FKBP1A, 
FKBP1B, TPCN2, BEST1, BCL2, SLC39A9, SLC4A7, NEDD4L, SCNN1G, NOS1, SLC12A2, ASIC2, ATP1A2, SLC10A2, SLC16A2, KCNN3, PLN, ATP6V1E1, SCN4A 
1.28787235 1 0.069904248 9.280945611 
GO:0008630~intrinsic apoptotic signaling 16 1.173020528 0.004929871 PGAP2, TP53, RAD9A, SIRT1, SNAI1, TP73, IKBKE, MOAP1, TMEM109, EI24, UACA, CDIP1, BCL2, TRIM32, NFATC4, MYC 2.234513565 1 0.070348606 9.356420159 
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GO:0008544~epidermis development 31 2.272727273 0.004944733 
CTNND1, JAG1, LGR4, FOXQ1, OVOL2, PLOD1, HPSE, BCL11B, BCL2, OVOL1, GAB1, SLC4A7, TMEM79, SATB1, ROCK1, MAP2K1, SMAD4, PRKCH, DLL1, 
EDAR, GRHL2, SNAI1, MYCN, NOTCH1, DKK1, HDAC1, CLIC5, TRPS1, CUX1, LRP4, KLF4 
1.699073522 1 0.070422247 9.383327966 
GO:0001501~skeletal system development 50 3.66568915 0.004960264 
NDST1, FGFRL1, BCAN, ZEB1, WNT1, FAM73B, PAX7, TGFBI, LTF, RARB, MYC, TWIST2, SH3PXD2B, SATB2, HYAL3, GRHL2, FOXN3, PPARGC1B, MYCN, BBS1, 
ACVR2B, VEGFA, PDGFRA, WNT9B, PDGFRB, STC1, CLDN18, SOX4, KIT, SRC, AMER1, FAT4, ITGB8, FBXW4, AXIN2, ASXL2, BMP3, ESRRA, WHSC1, SKI, GAS1, 
COL5A2, SNAI1, FOXP1, WNT2B, CDKN1C, DLX1, TRPS1, BNC2, MEX3C 
1.488149403 1 0.070504778 9.411437221 
GO:1902532~negative regulation of 
intracellular signal transduction 
46 3.372434018 0.004964343 
OPRM1, CAV3, ZMYND11, SYVN1, RTN4RL1, DRD2, DAG1, PPM1A, NFKBIA, BDKRB2, RORA, PDCD4, SRC, TRIM67, XBP1, TKFC, BCL2, MARVELD3, WWC3, 
CREB3L1, BCL6, SPRED1, RNF34, RASA4, PGAP2, DAB2IP, PTPRD, STMN3, PTPRR, MSTN, SOCS4, UBR1, MYADM, SNAI1, SIRT1, TP73, MFN2, DUSP4, UACA, 
HDAC1, HNF4A, TRIM32, IRF1, SMPD1, DGKZ, KLF4 
1.518453536 1 0.070430002 9.418818503 
GO:0010523~negative regulation of 
calcium ion transport into cytosol 
5 0.366568915 0.004969693 CALCA, BCL2, FKBP1A, PRKCE, FKBP1B 6.601971897 1 0.070372903 9.428499275 
GO:0046898~response to cycloheximide 5 0.366568915 0.004969693 KLF6, SERPINE1, CDA, MYC, KLF4 6.601971897 1 0.070372903 9.428499275 
GO:0044092~negative regulation of 
molecular function 94 6.891495601 0.005027349 
OPRM1, CTTNBP2NL, DYNC1LI1, SRCIN1, CPEB2, PPP2R5A, SNCA, PPARG, TNFSF14, PDCD4, NLRC5, PRMT2, PTGIS, CRY2, MYOCD, ANK3, SERPINE1, LTF, 
DLG3, SPRED1, NQO1, RNF34, MYC, TWIST2, IRAK2, RECK, DAB2IP, ROCK1, RIMBP2, TP53, LEF1, SOCS4, PKIA, LRPAP1, CRHR1, HNF4A, SERPINF2, GRM7, 
SERPINB8, VEGFA, SERPINB2, ATPIF1, WFDC5, CAV3, RAP1GAP, RTN4RL1, DRD2, NFKBIA, FKBP1A, FKBP1B, SRC, CALU, OAZ2, ACE, GMIP, PER2, LMTK3, 
MLLT1, NFATC4, TNKS, NEDD4L, RASA4, NOS1, CNST, FETUB, PPP1R11, ARPP19, MSTN, PPP1R10, OXSR1, HGF, DGKI, TMBIM1, ATP1A2, FOXP3, SIRT1, 
TP73, TRIM21, CORO1C, CDKN1C, HSPBP1, PPP1R9B, DUSP4, NOTCH1, DKK1, CSRNP3, NEDD4, OBFC1, PLN, HEYL, GRK6, SMPD1, DGKZ, KLF4 
1.31404022 1 0.071030187 9.532758648 
GO:0010717~regulation of epithelial to 
mesenchymal transition 
12 0.879765396 0.005063392 DAB2IP, NOTCH1, GCNT2, OVOL2, STRAP, DAG1, SMAD4, LEF1, BCL9L, AXIN2, TRIM62, SNAI1 2.640788759 1 0.071390274 9.597879147 
GO:0019080~viral gene expression 9 0.659824047 0.005214382 NOTCH1, HDAC1, MDFIC, TRIM32, LEF1, CHD1, TRIM62, USF1, TRIM21 3.267976089 1 0.073309458 9.870191081 
GO:0003170~heart valve development 9 0.659824047 0.005214382 NOTCH2, NOTCH1, GATA3, FGFRL1, HEYL, SMAD4, SOX4, MDM4, JAG1 3.267976089 1 0.073309458 9.870191081 
GO:0032633~interleukin-4 production 8 0.586510264 0.005261469 PRKCQ, NOTCH2, NOTCH1, VTCN1, GATA3, LEF1, IRF4, FOXP3 3.631084543 1 0.073812521 9.954953936 
GO:0090342~regulation of cell aging 8 0.586510264 0.005261469 WNT1, FZR1, TP53, LMNA, BCL6, CDK6, SIRT1, MARCH5 3.631084543 1 0.073812521 9.954953936 
GO:0001944~vasculature development 61 4.472140762 0.005276145 
NRP2, RHOJ, NDST1, PGF, JAG1, RORA, CXCL10, PTGIS, MYOCD, HPSE, SERPINE1, SEMA3E, TGFBI, RRAS, TGFA, FOSL1, RECK, DAB2IP, PTPRM, ROCK1, 
ANP32B, ADIPOR2, LEF1, DLL1, MYH9, PRKCB, PRKD1, ACVR2B, SERPINF2, VEGFA, PDGFRA, PDGFRB, ASB4, PARVA, HOXA13, PPP3R1, SOX4, EPHB2, CALCA, 
PPP1R16B, ACE, OVOL2, XBP1, CHM, SLC4A7, NFATC4, PTPRB, MAP2K1, PTPN14, HGF, UBP1, SIRT1, NOTCH3, NOTCH2, CDH13, NOTCH1, PKNOX1, PLCG1, 
NEDD4, POFUT1, KLF4 
1.419847161 1 0.073875745 9.981357215 
GO:0030518~intracellular steroid 
hormone receptor signaling pathway 
16 1.173020528 0.005395692 RBFOX2, KMT2D, STRN3, PADI2, UBA5, SIRT1, SRC, PPARGC1B, FOXP1, DDX17, CRY2, PRMT2, HDAC1, NEDD4, HEYL, CLOCK 2.213232483 1 0.07535146 10.19615668 
GO:0003279~cardiac septum development 16 1.173020528 0.005395692 NDST1, HOXA13, FGFRL1, TP53, SMAD4, SOX4, WHSC1, JAG1, NOTCH2, NOTCH1, ANK2, GATA3, HEYL, RARB, MDM4, PARVA 2.213232483 1 0.07535146 10.19615668 
GO:0034766~negative regulation of ion 
transmembrane transport 
13 0.953079179 0.005480113 CRHR1, CAV3, ACE, DRD2, NEDD4, ANK3, PLN, GRK6, FKBP1A, NEDD4L, OXSR1, ATP1A2, FKBP1B 2.484426266 1 0.076348069 10.34754979 
GO:0061138~morphogenesis of a 
branching epithelium 
26 1.906158358 0.005503982 HOXA13, PGF, PPP3R1, DAG1, SRC, LGR4, WNT1, FAT4, BCL2, SEMA3E, NFATC4, MYC, SLC12A2, MET, NTN4, SMAD4, LEF1, HGF, GRHL2, WNT2B, MYCN, 
NOTCH1, VEGFA, WNT9B, TMTC3, AREG 
1.789728874 1 0.076529175 10.39031126 
GO:0072521~purine-containing 
compound metabolic process 
52 3.812316716 0.005537839 
OPRM1, LDHA, SLC22A12, ADCY5, LHCGR, SNCA, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, PNP, CXCL10, PDE4B, GUCY1A3, DLG3, MYC, PID1, TBL1XR1, 
CYCS, NDUFC2, TP53, PFKM, CRHR1, UCN2, GRM7, ADK, VEGFA, MC2R, AKAP6, ATPIF1, CALCR, ALDOA, PFKFB3, DRD2, HK1, CALCA, ECE1, SHMT1, DNM1L, 
NOS1, AK3, SIRT6, ATP1A2, AK4, AMPD2, AK9, SDHC, DPYD, AHCYL2, HTR2C, HTR2A 
1.466535116 1 0.076843067 10.45093149 
GO:0009411~response to UV 19 1.392961877 0.005584068 HYAL3, YY1, TP53, SIRT1, USF1, CDC25A, TP73, EI24, CCND1, XPC, UACA, RPL13A, NEDD4, BCL2, TRIM32, NFATC4, MFAP4, MYC, TP53INP1 2.02913548 1 0.077320664 10.53363979 
GO:0098602~single organism cell adhesion 70 5.131964809 0.005591527 
PVR, METAP1, SRCIN1, VTCN1, FGFRL1, TNFSF14, ZEB1, RORA, PNP, VCL, CD47, WNT1, ATG5, ANK3, GATA3, FNDC3B, PAG1, SATB1, RET, ROCK1, EFNB3, 
EFNB1, FLOT2, TP53, LEF1, CDK6, MYH9, MYADM, PRKCQ, ADK, VEGFA, PDGFRA, CNTN3, PLA2G2F, PARVA, SRGAP2, GCNT2, RAP1GAP, PEAK1, CTNND2, 
CTNND1, SOX4, FKBP1A, KIT, FKBP1B, SRC, CALCA, PVRL1, XBP1, BCL2, BCL11B, BCL6, SELPLG, AKIP1, MAP2K1, SWAP70, PODXL, IL1RN, AXL, DOCK8, FOXP3, 
FOXP1, CORO1C, CDH13, PKNOX1, NEDD4, PKP4, IRF1, IRF4, KLF4 
1.377647252 1 0.077280374 10.54697904 
GO:0006875~cellular metal ion 
homeostasis 
48 3.519061584 0.005664244 
CALCR, OPRM1, CAV3, JPH3, DRD2, ADCY5, CCR1, LHCGR, SNCA, FKBP1A, BDKRB2, CXCL11, FKBP1B, CALB1, TPCN2, CXCL10, CALCA, ANK2, ATG5, BCL2, 
MS4A2, SLC25A27, SLC31A2, MYC, DISC1, NOS1, SWAP70, SMAD4, RAP1GDS1, ATP1A2, PRKCE, TMPRSS6, KCNK3, PRKCB, PRKD1, CRHR1, PLCG1, PLN, 
PGM1, PDGFRA, PLA2G6, AKAP6, STC1, HTR2C, ADRA1D, GLP1R, GPR12, HTR2A 
1.492865594 1 0.078106836 10.67691305 
GO:0033157~regulation of intracellular 
protein transport 
40 2.93255132 0.005698804 
DPH6, XPO4, ABLIM3, ATG13, PPP3R1, PPM1A, TNFSF14, NFKBIA, SOX4, OAZ2, TMEM173, MDFIC, XBP1, NMUR1, ANK3, RAB29, LYPLAL1, AXIN2, ELMOD1, 
PIK3R2, DAB2IP, CNST, MYO1C, ANP32B, ZDHHC8, SMAD4, PTPN14, LRRC46, EDAR, PKIA, CDKL2, SIRT1, PRKCQ, UACA, HNF4A, KCNN3, AKAP6, SVIP, 
ATPIF1, VAMP2 
1.561756793 1 0.078424279 10.73860375 
GO:0021549~cerebellum development 18 1.319648094 0.00573747 DIXDC1, B4GALT2, MAP2K1, TRNP1, CCR1, TP53, AK3, DLL1, GAS1, RORA, UQCRQ, NR2C2, FOXP2, WNT1, NCOA1, NEUROD2, SEMA4C, FAIM2 2.074905453 1 0.078794711 10.80757642 
GO:0045598~regulation of fat cell 
differentiation 17 1.246334311 0.005846688 ASXL2, SH3PXD2B, CREB1, PPARG, RORA, JAG1, SIRT1, WNT1, FNDC5, XBP1, GATA3, VEGFA, MEX3C, HTR2C, FNDC3B, NCOR2, HTR2A 2.128566801 1 0.080093493 11.00212541 
GO:0051276~chromosome organization 86 6.304985337 0.005920833 
DYNC1LI1, HNF1A, CHMP3, ARID4A, SNCA, ARID4B, CHMP7, NAP1L1, NAP1L5, JADE2, PRMT2, ATG5, MYOCD, BRPF3, PAX7, GATA3, RTF1, ANP32A, VPS4A, 
ACTR8, MYC, KDM5D, KMT5B, SATB1, KDM7A, TBL1XR1, SATB2, POGZ, ANP32B, MTA2, YY1, TP53, PADI2, LEF1, PRKCB, PRKD1, PRKCQ, NCOA1, XPC, 
UHRF2, VEGFA, JMJD1C, NSD1, CLOCK, SUPT6H, KMT2D, RAD23B, ING3, TNRC18, CTCFL, SRC, SLX4, NAA50, XBP1, PER2, CHD1, GATAD2B, BCL6, NAT10, 
TNKS, AGO4, AXIN2, BAZ2A, CHD3, ASXL2, NOS1, TAF5, SMAD4, CDC23, TNP1, WHSC1, SIRT6, FOXP3, SIRT1, ATXN7L3, MSL2, RPS6KA4, PHF19, HDAC1, 
CDAN1, OBFC1, ATXN7, TRPS1, KDM8, KDM4C, IRF4 
1.324594998 1 0.08092508 11.13396875 
GO:0010863~positive regulation of 
phospholipase C activity 
7 0.513196481 0.005962094 CALCR, GPR55, NMUR1, PDGFRA, MS4A2, PDGFRB, HTR2A 4.066814688 1 0.081321935 11.20725857 
GO:1901652~response to peptide 51 3.739002933 0.006025322 
RNASEL, CPEB2, PPARG, NAP1L1, RHOQ, JAG1, SLC2A8, WNT1, CRY2, SERPINE1, EEF2K, PLCB1, MYC, MTUS1, PID1, SOGA1, SOCS7, CFTR, IL6R, IRS1, PRKCB, 
INHBB, CRHR1, PRKCQ, VAMP2, GLP1R, TH, DAG1, NFKBIA, SRC, GPR22, XBP1, BCL2, PIK3R2, KLF6, ESRRA, NOS1, CREB1, MET, NR4A2, MSTN, SIRT1, USF1, 
PPP1R9B, NOTCH1, UCP3, PLN, IRF1, MARCKS, AREG, KLF4 
1.46681435 1 0.082004444 11.3194563 
GO:0001525~angiogenesis 42 3.079178886 0.006027977 
NRP2, PGF, PPP3R1, RORA, EPHB2, CXCL10, PPP1R16B, ACE, PTGIS, OVOL2, XBP1, HPSE, SERPINE1, SEMA3E, TGFBI, TGFA, RRAS, NFATC4, PTPRB, DAB2IP, 
PTPRM, ROCK1, ADIPOR2, LEF1, DLL1, HGF, MYH9, UBP1, SIRT1, PRKCB, PRKD1, NOTCH3, CDH13, NOTCH1, PKNOX1, PLCG1, VEGFA, PDGFRA, PDGFRB, 
POFUT1, KLF4, PARVA 
1.536579857 1 0.081893631 11.32416435 
GO:0033674~positive regulation of kinase 
activity 
46 3.372434018 0.006085925 
SNX9, SRCIN1, GNAI2, DRD2, ATG13, SNCA, KITLG, LPAR2, KIT, SRC, CALCA, ACE, ACSL1, MDFIC, GAB1, LTF, TGFA, AXIN2, AGAP2, CSF1R, IRAK2, UNC119, 
DAB2IP, CCDC88A, MAP2K1, IL1RN, MET, IL6R, HGF, OXSR1, IRS1, SIRT1, TP73, EPHA4, ACVR2B, CCND1, MAP3K15, PRLR, HNF4A, VEGFA, PDGFRA, PDGFRB, 
AKAP6, MARCKS, RELN, HTR2A 
1.501392261 1 0.08250344 11.42686861 
GO:0046323~glucose import 13 0.953079179 0.006096035 PID1, SLC2A13, RNASEL, HNF1A, ADIPOR2, RHOQ, SIRT6, IRS1, SLC2A8, PEA15, MARCKS, MYC, GLP1R 2.45216099 1 0.082489081 11.44477594 
GO:0021756~striatum development 6 0.439882698 0.006148304 BBS1, DRD2, BCL11B, CNTNAP2, RARB, FOXP2 4.841446058 1 0.08302158 11.5373012 
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GO:0032515~negative regulation of 
phosphoprotein phosphatase activity 6 0.439882698 0.006148304 PPP1R9B, CRY2, ROCK1, PPP1R11, FKBP1A, FKBP1B 4.841446058 1 0.08302158 11.5373012 
GO:0017157~regulation of exocytosis 23 1.686217009 0.006181235 
SYT1, RAB3B, STX1A, CHMP3, ABR, SNCA, SYT9, SNX4, CFTR, FES, PCLO, RIMS4, RIMS3, CRHR1, NOTCH1, TRIM9, PLA2G6, VPS4A, MS4A2, LGI3, VAMP2, 
PLCB1, RAB21 1.855887655 1 0.083301649 11.59554562 
GO:0060047~heart contraction 23 1.686217009 0.006181235 
CAV3, DNM1L, NOS1, SCN2B, NOS1AP, DRD2, MET, ATP1A2, SIRT1, FKBP1B, CALCA, ACE, ATG5, ANK2, PLN, PDE4B, AKAP6, STC1, CACNA1E, MDM4, 
NEDD4L, GLP1R, ADRA1D 1.855887655 1 0.083301649 11.59554562 
GO:0006163~purine nucleotide metabolic 
process 
47 3.445747801 0.006232841 
CALCR, ALDOA, OPRM1, LDHA, PFKFB3, DRD2, ADCY5, LHCGR, SNCA, HK1, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, CXCL10, CALCA, ECE1, PDE4B, DLG3, 
GUCY1A3, MYC, PID1, TBL1XR1, DNM1L, NOS1, CYCS, NDUFC2, AK3, TP53, SIRT6, AK4, ATP1A2, PFKM, AMPD2, AK9, CRHR1, UCN2, ADK, SDHC, GRM7, 
MC2R, VEGFA, AKAP6, ATPIF1, HTR2C, HTR2A 
1.490488852 1 0.083821728 11.6867493 
GO:0055002~striated muscle cell 
development 
20 1.46627566 0.006250706 CAV3, MET, LMNA, LEF1, SKI, RCAN1, CACNA2D2, FOXP1, ATG5, MYOCD, XIRP1, SPEG, MYPN, BCL2, VEGFA, PDGFRA, TMOD2, AKAP6, PDGFRB, TMTC3 1.962748402 1 0.08390502 11.71830164 
GO:0071354~cellular response to 
interleukin-6 
8 0.586510264 0.006289338 PID1, PTGIS, MET, GAB1, SMAD4, FGF23, IL6R, SELPLG 3.521051678 1 0.084255024 11.78649505 
GO:0044091~membrane biogenesis 8 0.586510264 0.006289338 CAV3, PTPRD, NRXN2, ANK3, FLOT2, CLIP3, PEX3, LRP4 3.521051678 1 0.084255024 11.78649505 
GO:0021799~cerebral cortex radially 
oriented cell migration 8 0.586510264 0.006289338 DIXDC1, DAB2IP, FOXG1, SOCS7, RELN, DCX, DISC1, SRGAP2 3.521051678 1 0.084255024 11.78649505 
GO:0071214~cellular response to abiotic 
stimulus 34 2.492668622 0.006363489 
SIPA1, TNFSF14, BDKRB2, TMEM109, SERPINE1, NFATC4, CASP2, MYC, NOS1, HYAL3, YY1, TP53, ASIC2, RAD9B, RAD9A, ATP1A2, OXSR1, IRS1, SIRT1, TP73, 
CDC25A, RDH11, PPP1R9B, EI24, XPC, RPL13A, NEDD4, IRF1, NEUROD2, MFAP4, MAP3K14, CLOCK, TP53INP1, OPN4 1.624432559 1 0.085059173 11.91724557 
GO:0006939~smooth muscle contraction 15 1.099706745 0.006435555 MAP2K1, DRD2, MRVI1, RAP1GDS1, BDKRB2, FKBP1B, TPCN2, CALCA, MYOCD, NMUR1, PDE4B, PLA2G6, GUCY1A3, ADRA1D, HTR2A 2.246031676 1 0.085833107 12.04414473 
GO:0097190~apoptotic signaling pathway 56 4.105571848 0.006448192 
SGPP1, TMEM109, PTGIS, CDIP1, MAPT, SERPINE1, CREB3L1, RNF34, MYC, AGAP2, CASP2, PGAP2, RET, DAB2IP, TP53, RAD9A, DAPK2, INHBB, RELT, UBE2K, 
VEGFA, TRIM32, MNT, PLA2G6, ATPIF1, PSME3, FAIM2, ZMYND11, SYVN1, KITLG, BDKRB2, SRC, PEA15, MOAP1, XBP1, BCL2, NFATC4, BMF, HIP1, DNM1L, 
LMNA, NR4A2, MAL, HGF, TMBIM1, GAS1, SIRT1, SNAI1, TP73, IKBKE, EI24, UACA, HDAC1, TRPS1, TP53INP1, RNF41 
1.431977003 1 0.085845266 12.06637875 
GO:0048514~blood vessel morphogenesis 49 3.592375367 0.006504491 
NRP2, HOXA13, PGF, PPP3R1, SOX4, JAG1, RORA, EPHB2, CXCL10, PPP1R16B, ACE, PTGIS, MYOCD, OVOL2, XBP1, HPSE, SERPINE1, TGFBI, SEMA3E, TGFA, 
RRAS, NFATC4, PTPRB, DAB2IP, PTPRM, ROCK1, ADIPOR2, LEF1, DLL1, HGF, MYH9, UBP1, SIRT1, PRKCB, PRKD1, NOTCH3, CDH13, NOTCH1, PKNOX1, 
PLCG1, NEDD4, SERPINF2, VEGFA, PDGFRA, PDGFRB, POFUT1, ASB4, KLF4, PARVA 
1.473483583 1 0.08641359 12.16536797 
GO:0033993~response to lipid 103 7.551319648 0.006670102 
LDHA, SLC6A1, ADCY5, SNCA, CBX3, RORA, CXCL11, CXCL10, BRINP1, PAPPA, GATA3, PDE4B, SERPINE1, RARB, NQO1, PID1, DAB2IP, RET, PDXK, YY1, STRN3, 
FGF23, HNF4G, PPARGC1B, THBD, UCN2, HNF4A, RELT, VEGFA, PDGFRA, PDGFRB, STC1, RELN, ALDOA, HMGCS1, NFKBIA, PAQR7, PAQR8, NR2C2, SRC, 
ACE, IDH1, MUC2, ESRRA, ABR, MAP2K1, IL1RN, NR4A2, MSTN, FOXP1, NOTCH1, NR1I2, HDAC1, UCP3, KCNJ8, CXCL16, AREG, NCOR2, KLF4, ARSB, CREBRF, 
OPRM1, SYNJ1, PPARG, MBP, GPX3, LTF, FOSL1, MYC, IRAK2, TP53, LEF1, CFTR, FOSB, IL6R, PRKCE, PRKCB, INHBB, NCOA1, CCND1, CALCR, KMT2D, TH, 
GCH1, TPCN2, ACSL1, RPL32, XBP1, BCL2, THPO, NOS1, CREB1, PDK3, AXL, RCAN1, ATP1A2, SIRT1, PPP1R9B, DKK1, RPL13A, PLN, IRF1, DPYD 
1.281925306 1 0.088367397 12.45594639 
GO:0018393~internal peptidyl-lysine 
acetylation 
20 1.46627566 0.006716106 ING3, HNF1A, NOS1, TAF5, SNCA, SMAD4, LEF1, FOXP3, SIRT1, MSL2, JADE2, NCOA1, RPS6KA4, ATG5, NAA50, BRPF3, GATA3, ANP32A, IRF4, CLOCK 1.949575594 1 0.088797402 12.53650248 
GO:0021987~cerebral cortex development 18 1.319648094 0.006717625 NRP2, DIXDC1, DAB2IP, CRNKL1, TH, SOCS7, FOXP2, BBS1, PPP1R9B, NCOA1, FAT4, FOXG1, CNTNAP2, RELN, DCX, PLCB1, DISC1, SRGAP2 2.042485056 1 0.088663643 12.53916161 
GO:0045807~positive regulation of 
endocytosis 18 1.319648094 0.006717625 CAV3, ABR, RAP1GAP, DRD2, SYNJ1, SNCA, PPARG, AXL, DLL1, CD47, TOR1A, VEGFA, SERPINE1, EEF2K, CLIP3, NEDD4L, RAB21, HIP1 2.042485056 1 0.088663643 12.53916161 
GO:0021872~forebrain generation of 
neurons 13 0.953079179 0.006765464 NRP2, DLX1, SATB2, DRD2, BCL11B, FOXG1, CNTN2, LEF1, DCX, UQCRQ, DISC1, CSF1R, NUMBL 2.420723029 1 0.08911459 12.6228533 
GO:0035239~tube morphogenesis 42 3.079178886 0.006849706 
HOXA13, PGF, DAG1, PPP3R1, SOX4, ZEB1, SRC, LGR4, HS2ST1, WNT1, OVOL2, FAT4, BCL2, GATA3, SEMA3E, NFATC4, MYC, DAB2IP, RET, SLC12A2, PODXL, 
MET, SMAD4, LEF1, DLL1, SKI, EDAR, GRHL2, TP73, WNT2B, MYCN, NOTCH2, EPHA4, ACVR2B, NOTCH1, ZIC5, VEGFA, WNT9B, SEMA4C, PDGFRA, TMTC3, 
AREG 
1.525055508 1 0.090021616 12.77004603 
GO:0015758~glucose transport 17 1.246334311 0.006893603 PID1, SLC2A13, RNASEL, HNF1A, MET, ADIPOR2, RHOQ, SIRT6, IRS1, PRKCB, SLC2A8, PEA15, MARCKS, SLC25A27, CLIP3, MYC, GLP1R 2.092489398 1 0.090418457 12.84665187 
GO:0051338~regulation of transferase 
activity 
76 5.571847507 0.007008374 
DYNC1LI1, SRCIN1, PPP2R5A, SNCA, PPARG, LPAR2, PDCD4, ZYG11B, CCNE2, NLRC5, MYOCD, MDFIC, GAB1, LTF, TGFA, SPRED1, AGAP2, IRAK2, DAB2IP, 
CCDC88A, TP53, SOCS4, IL6R, GRHL2, IRS1, PKIA, PRKCQ, ACVR2B, CCND1, MAP3K15, HNF4A, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, ZER1, CAV3, SNX9, 
FZR1, RTN4RL1, GNAI2, DRD2, ATG13, KITLG, BCCIP, KIT, SRC, CALCA, ACE, ACSL1, SERINC1, MLLT1, TNKS, AXIN2, CSF1R, PIK3R2, UNC119, MAP2K1, MET, 
IL1RN, MSTN, OXSR1, HGF, SIRT1, TP73, CORO1C, CDKN1C, EPHA4, DUSP4, PRLR, OBFC1, SMPD1, MARCKS, KLF4, HTR2A 
1.344518515 1 0.091700714 13.04664089 
GO:0034497~protein localization to pre-
autophagosomal structure 5 0.366568915 0.007052647 MFN2, ATG9A, STX17, ATG13, WIPI2 6.051807572 1 0.092097183 13.12366934 
GO:0002931~response to ischemia 9 0.659824047 0.007086812 FAM175B, BCL2, CYCS, EEF2K, TP53, PER2, HK1, RCAN1, FAIM2 3.11235818 1 0.092366198 13.18306839 
GO:0071715~icosanoid transport 9 0.659824047 0.007086812 PNPLA8, ACE, DRD2, LHCGR, PLA2G6, SLCO3A1, BDKRB2, ACSL4, SLCO2A1 3.11235818 1 0.092366198 13.18306839 
GO:1901571~fatty acid derivative 
transport 9 0.659824047 0.007086812 PNPLA8, ACE, DRD2, LHCGR, PLA2G6, SLCO3A1, BDKRB2, ACSL4, SLCO2A1 3.11235818 1 0.092366198 13.18306839 
GO:0033143~regulation of intracellular 
steroid hormone receptor signaling 
pathway 
12 0.879765396 0.007128027 KMT2D, DDX17, CRY2, PRMT2, HDAC1, STRN3, HEYL, UBA5, SIRT1, CLOCK, SRC, FOXP1 2.525971856 1 0.092721812 13.2546713 
GO:0021879~forebrain neuron 
differentiation 
12 0.879765396 0.007128027 NRP2, DLX1, SATB2, DRD2, BCL11B, FOXG1, CNTN2, LEF1, DCX, UQCRQ, DISC1, CSF1R 2.525971856 1 0.092721812 13.2546713 
GO:0018345~protein palmitoylation 7 0.513196481 0.007307928 ZDHHC15, ZDHHC23, ZDHHC17, ZDHHC16, ZDHHC8, CLIP3, MAP6D1 3.910398739 1 0.094794719 13.56656209 
GO:0070570~regulation of neuron 
projection regeneration 7 0.513196481 0.007307928 MAP4K4, EPHA4, MAP2K1, XYLT1, HGF, FKBP1B, KLF4 3.910398739 1 0.094794719 13.56656209 
GO:1903725~regulation of phospholipid 
metabolic process 11 0.806451613 0.007364031 DAB2IP, LPCAT1, PDGFRA, IDH1, PDGFRB, IRS1, HTR2C, KLF4, SRC, HTR2A, PIK3R2 2.662795332 1 0.095327867 13.66360894 
GO:0044773~mitotic DNA damage 
checkpoint 10 0.73313783 0.007390275 CCND1, XPC, TP53, SOX4, RAD9B, DGKZ, RAD9A, CASP2, FOXN3, TP73 2.847909446 1 0.09549078 13.70897011 
GO:0071496~cellular response to external 
stimulus 
59 4.325513196 0.007405554 
LDHA, CRNKL1, SLC6A1, PPARG, TNFSF14, PEX3, ATG5, MYOCD, SERPINE1, CASP2, FOSL1, ATG9A, ZDHHC8, TP53, FGF23, CHST3, ZCCHC17, INHBB, NCOA1, 
UCN2, ATG4B, WNT9B, ATPIF1, TREM1, MAP3K14, SCN1A, SIPA1, ATG13, HK1, CALCOCO2, RRAGD, NR2C2, RIMS3, CALCB, GMIP, XBP1, BCL2, STX17, CDA, 
PAFAH1B2, DNM1L, NOS1, MAP2K1, MAP1A, AXL, NR4A2, MSTN, ATP1A2, WIPI2, USF1, SIRT1, KCNK3, FAM131B, WNT2B, TBC1D25, IRF1, MEX3C, 
TP53INP2, TP53INP1 
1.404813036 1 0.09551816 13.73536919 
GO:0009187~cyclic nucleotide metabolic 
process 
23 1.686217009 0.00748546 CALCR, OPRM1, TBL1XR1, NOS1, DRD2, ADCY5, LHCGR, PDE11A, RORA, AMPD2, CXCL11, CXCL10, CALCA, CRHR1, UCN2, ECE1, GRM7, MC2R, PDE4B, 
VEGFA, AKAP6, GUCY1A3, HTR2C 
1.825463268 1 0.096339077 13.87330168 
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GO:0044262~cellular carbohydrate 
metabolic process 31 2.272727273 0.007502313 
SLC5A3, PFKFB3, LHCGR, SYNJ1, PGD, SNCA, HK1, ALG6, RORA, CBFA2T3, SRC, HS2ST1, TKFC, PER2, IDH1, MYC, GPD2, SOGA1, PHKG2, PDK3, ARPP19, 
TP53, SIRT6, PFKM, PRKCE, IRS1, SIRT1, HNF4A, PGM1, IGFBP3, HTR2A 1.649283822 1 0.096384141 13.90236659 
GO:0009612~response to mechanical 
stimulus 31 2.272727273 0.007502313 
CAV3, DRD2, PPARG, TNFSF14, NFKBIA, KIT, SRC, CXCL10, ECE1, SERPINE1, CNTNAP2, ABHD12, MYC, FOSL1, CASP2, NOS1, NRXN2, SLC12A2, ASIC2, LMNA, 
RCAN1, FOSB, ATP1A2, FOXP2, INHBB, XPC, ANKRD23, IRF1, RELN, MAP3K14, HTR2A 1.649283822 1 0.096384141 13.90236659 
GO:0012501~programmed cell death 146 10.70381232 0.007537274 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, PTGIS, ATG5, MYOCD, UNC5A, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, RET, DAB2IP, 
PDXK, ROCK1, SIX3, RAD9A, DLL1, MAP4K4, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, CLIP3, FBXO10, GLP1R, SYVN1, HOXA13, PAFAH2, ADAMTSL4, 
SOX4, BDKRB2, SRC, PEA15, ACE, ECE1, BMF, TMEM79, CSF1R, HIP1, BMP3, MUC2, MAP2K1, IL1RN, MET, NR4A2, MSTN, RNPS1, DOCK8, HGF, GAS1, 
OXSR1, HS1BP3, FOXP1, NOTCH2, IKBKE, EI24, NOTCH1, DLX1, UACA, CSRNP3, HDAC1, AKTIP, TRPS1, KLF4, BMP8B, FAM175B, SGPP1, MITF, PPARG, 
PDCD4, TMEM109, PRMT2, MAPT, CDIP1, EEF2K, TGFA, AGAP2, MYC, CASP2, FOSL1, PGAP2, ANP32B, NOS1AP, CYCS, TP53, PRKCH, LEF1, DAPK2, PRKCE, 
PRKCB, PRKD1, INHBB, MFN2, PRKCQ, NCOA1, UBE2K, SERPINB2, PLA2G6, PSME3, MDM4, MAP3K14, FAIM2, ZMYND11, ING3, UNG, HK1, KITLG, KIT, 
NPTX1, MOAP1, XBP1, BCL2, BCL11B, SLC4A7, BCL6, NFATC4, INPP5D, AGO4, IL2RB, NOS1, DNM1L, CREB1, ASIC2, LMNA, AXL, MAL, TMBIM1, SNAI1, 
SIRT1, BRAT1, TP73, BNC2, IRF1, SMPD1, IGFBP3, RNF41, TP53INP1 
1.219409645 1 0.096650509 13.96263122 
GO:0007005~mitochondrion organization 58 4.252199413 0.007636893 
NDUFAF6, CRNKL1, SLC6A1, DPH6, SNCA, PEX3, ATG5, NMUR1, FAM73B, MYC, PID1, ATG9A, ZDHHC8, TP53, CHST3, CDKL2, ZCCHC17, VAT1, PPARGC1B, 
MFN2, LETM1, ATG4B, PLA2G6, ATPIF1, TREM1, ATPAF1, GATC, ABLIM3, ATG13, HK1, NR2C2, RIMS3, CALCB, MOAP1, NPTX1, GMIP, MPV17L2, BCL2, 
MRPL17, PVRL2, BMF, ELMOD1, INF2, DNM1L, MAP2K1, MAP1A, LMNA, LRRC46, MSTN, HGF, WIPI2, MARCH5, TP73, KCNK3, FAM131B, TTC19, KCNN3, 
MEX3C 
1.408715074 1 0.097704631 14.13412983 
GO:0016358~dendrite development 27 1.979472141 0.007715541 
SRCIN1, CPEB3, CRTC1, CTNND2, EPHB2, FAT3, EEF2K, NFATC4, DCX, ACSL4, TLX2, RAB21, DISC1, RBFOX2, PTPRD, DAB2IP, MET, NUMBL, BBS1, EPHA4, 
PPP1R9B, NEDD4, MARCKS, RELN, CUX1, LRP4, SRGAP2 
1.719987415 1 0.098498917 14.26929634 
GO:0098662~inorganic cation 
transmembrane transport 54 3.958944282 0.007743646 
CALHM1, OPRM1, JPH3, KCNC3, SLC6A3, UQCRQ, KCNQ3, ANK2, ANK3, PDE4B, SCN2B, NOS1AP, CACNG4, CACNG2, CRHR1, GRM7, PLA2G6, AKAP6, 
KCNH7, VAMP2, CAV3, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, CACNB3, FKBP1A, FKBP1B, TPCN2, ORAI3, KCNS2, SCNN1G, SLC30A3, NEDD4L, SLC31A2, 
HCN3, SLC30A6, NOS1, SLC12A2, ASIC2, ATP1A2, OXSR1, CACNA2D2, KCNK3, PLCG1, UCP3, KCNJ8, NEDD4, ATP6V1E1, PLN, KCNN3, CACNA1E, SCN4A 
1.428623427 1 0.098676431 14.31754958 
GO:0060675~ureteric bud morphogenesis 12 0.879765396 0.007945466 WNT1, PGF, FAT4, GATA3, BCL2, VEGFA, SMAD4, WNT9B, MYC, LGR4, WNT2B, HS2ST1 2.489886544 1 0.100955817 14.66329703 
GO:0021885~forebrain cell migration 12 0.879765396 0.007945466 NRP2, DIXDC1, DAB2IP, DRD2, FOXG1, CNTN2, AXL, SOCS7, RELN, DCX, DISC1, SRGAP2 2.489886544 1 0.100955817 14.66329703 
GO:0030902~hindbrain development 23 1.686217009 0.007967119 
DIXDC1, RBFOX2, B4GALT2, MAP2K1, TRNP1, CCR1, TP53, AK3, SOCS7, LEF1, DLL1, RORA, GAS1, UQCRQ, NR2C2, FOXP2, WNT1, NCOA1, BCL2, NEUROD2, 
SEMA4C, SLC4A7, FAIM2 1.815542272 1 0.101050161 14.70031209 
GO:0043583~ear development 28 2.052785924 0.00800942 
HOXA13, LRIG1, ZEB1, JAG1, EPHB2, WNT1, ECE1, ATG5, FAT4, MYO15A, GATA3, BCL2, SLC4A7, SLC25A27, MYC, ABR, ANP32B, DLL1, GAS1, KCNK3, MYCN, 
NOTCH1, CLIC5, FOXG1, PDGFRA, PDGFRB, CUX1, FOXI1 1.69450612 1 0.101392871 14.77258166 
GO:0086004~regulation of cardiac muscle 
cell contraction 9 0.659824047 0.008194094 CAV3, ANK2, SCN2B, PLN, PDE4B, AKAP6, STC1, NEDD4L, ATP1A2 3.039977757 1 0.103443803 15.0874093 
GO:1901016~regulation of potassium ion 
transmembrane transporter activity 9 0.659824047 0.008194094 CAV3, KCNS2, ANK2, NEDD4, ANK3, AKAP6, VAMP2, NEDD4L, OXSR1 3.039977757 1 0.103443803 15.0874093 
GO:0030036~actin cytoskeleton 
organization 
51 3.739002933 0.008269506 
RHOJ, LIMA1, PDLIM7, WASF1, RHOQ, PIP5K1A, FES, S1PR2, SEMA3E, CAP1, DBNL, FMNL3, ROCK1, RAP1GDS1, PRKCE, MYH9, MYADM, ARHGAP26, 
PPARGC1B, ELMO1, FARP2, PRKCQ, ANKRD23, XIRP1, SERPINF2, PLEKHH2, TRIM32, PDGFRA, PDGFRB, ADD2, PARVA, CAV3, ABLIM3, PPFIA1, KIT, DAAM1, 
SRC, BCL2, BCL6, SYNPO, PIK3R2, CSF1R, ABR, SWAP70, FOXP1, GMFB, CORO1C, PPP1R9B, MYPN, TMOD2, MARCKS 
1.44113083 1 0.104176703 15.21565172 
GO:0051148~negative regulation of 
muscle cell differentiation 
11 0.806451613 0.008279261 CAV3, NOTCH1, DKK1, HDAC1, MYOCD, XBP1, MSTN, RCAN1, DLL1, MKX, CXCL10 2.619142949 1 0.104122446 15.23222834 
GO:0014074~response to purine-
containing compound 
25 1.832844575 0.008373343 
LDHA, SLC6A1, SLC6A3, PPARG, HMGCS1, FKBP1A, BCL2, SERPINE1, EEF2K, HCN3, FOSL1, TP53, CFTR, IL6R, FOSB, IRS1, PPARGC1B, INHBB, THBD, HDAC1, 
HNF4A, RPL13A, AKAP6, STC1, AREG 
1.754147122 1 0.105073632 15.39193158 
GO:2000134~negative regulation of G1/S 
transition of mitotic cell cycle 
10 0.73313783 0.00840538 CCND1, PRMT2, CTDSPL, BCL2, TP53, SOX4, DGKZ, CTDSP2, CASP2, TP73 2.793141956 1 0.105283085 15.44624902 
GO:0032387~negative regulation of 
intracellular transport 
18 1.319648094 0.008437405 DAB2IP, PPM1A, SOX4, NFKBIA, FKBP1A, PRKCE, FKBP1B, PKIA, CALCA, UACA, HNF4A, MDFIC, MAPT, BCL2, SVIP, LYPLAL1, AXIN2, SAR1A 1.995710589 1 0.105491642 15.50051375 
GO:0021543~pallium development 24 1.759530792 0.008441425 
NRP2, DIXDC1, DAB2IP, CRNKL1, TH, SOCS7, BCAN, LEF1, UQCRQ, TP73, FOXP2, BBS1, PPP1R9B, DLX1, NCOA1, HDAC1, FAT4, FOXG1, CNTNAP2, RELN, 
DCX, PLCB1, DISC1, SRGAP2 
1.778490388 1 0.105367631 15.50732339 
GO:0070647~protein modification by small 
protein conjugation or removal 
75 5.498533724 0.008594433 
DYNC1LI1, HECW2, FAM175B, UBE2G1, RNF216, KLHDC7A, RNF182, CNOT4, ZYG11B, WNT1, USP54, DCAF11, ATG5, KLHL25, TRIM9, MED27, RNF34, 
DISC1, ANKS1A, HERC6, SOCS7, SOCS4, FAM76A, UBE2H, PRKCE, SENP3, OTUD3, UHRF2, UBE2K, MED8, TRIM32, ASB1, ASB4, USP24, FBXO10, ZER1, FZR1, 
SYVN1, USP8, KBTBD12, PPIL2, SOX4, COPS7B, FKBP1A, UBA5, UBE2QL1, AMER1, TRIM67, RNF165, BCL2, TOR1A, PER2, TNKS, NEDD4L, UCK2, USP31, 
CDC23, HACE1, MARCH8, TRIM62, SIRT1, MARCH5, TRIM21, ATXN7L3, HSPBP1, BTBD18, MSL2, AKTIP, NEDD4, UBA1, ATXN7, NEUROD2, FBXO30, DNAJB2, 
RNF41 
1.334957553 1 0.107005198 15.76610871 
GO:0050801~ion homeostasis 64 4.692082111 0.008706641 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, ANK3, MS4A2, SLC25A27, MYC, DISC1, SCN2B, RAP1GDS1, TP53, FGF23, CFTR, 
PRKCE, PRKCB, PRKD1, CRHR1, DGAT1, HNF4A, LYST, SLC26A9, PGM1, PDGFRA, AKAP6, PLA2G6, STC1, GLP1R, GPR12, CALCR, CAV3, DRD2, CCR1, FKBP1A, 
BDKRB2, FKBP1B, SRC, TPCN2, CALCA, XBP1, BCL2, NEDD4L, SLC30A3, SCNN1G, SLC31A2, SLC30A6, NOS1, SWAP70, SMAD4, ATP1A2, TMPRSS6, SIRT1, 
KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.373054126 1 0.108154103 15.95541011 
GO:0048813~dendrite morphogenesis 17 1.246334311 0.008741515 RBFOX2, PTPRD, SRCIN1, MET, CTNND2, NUMBL, EPHB2, EPHA4, EEF2K, NFATC4, RELN, MARCKS, DCX, CUX1, TLX2, RAB21, LRP4 2.040609495 1 0.108389261 16.01416296 
GO:0045667~regulation of osteoblast 
differentiation 17 1.246334311 0.008741515 ESRRA, PDLIM7, LMNA, FGF23, SKI, CDK6, JAG1, PRKD1, NOTCH1, ACVR2B, VEGFA, LTF, AREG, AXIN2, FNDC3B, TWIST2, SUCO 2.040609495 1 0.108389261 16.01416296 
GO:0008645~hexose transport 17 1.246334311 0.008741515 PID1, SLC2A13, RNASEL, HNF1A, MET, ADIPOR2, RHOQ, SIRT6, IRS1, PRKCB, SLC2A8, PEA15, MARCKS, SLC25A27, CLIP3, MYC, GLP1R 2.040609495 1 0.108389261 16.01416296 
GO:0042060~wound healing 42 3.079178886 0.008743351 
CAV3, OPRM1, F2RL2, METAP1, FAM46A, VCL, GP5, IL10RB, HPSE, PAX7, PROZ, SERPINE1, TOR1A, TGFA, SCNN1G, MYC, INA, KLF6, PLET1, AXL, F8, 
ADIPOR2, TP53, ASIC2, MSTN, STAB2, MYH9, PRKCE, TMPRSS6, NOTCH3, PRKCQ, NOTCH2, NOTCH1, UCN2, THBD, HNF4A, SERPINF2, LYST, VEGFA, 
SERPINB2, PDGFRA, PDGFRB 
1.502517742 1 0.108235935 16.01725506 
GO:0072171~mesonephric tubule 
morphogenesis 
12 0.879765396 0.00883389 WNT1, PGF, FAT4, GATA3, BCL2, VEGFA, SMAD4, WNT9B, MYC, LGR4, WNT2B, HS2ST1 2.454817719 1 0.109121892 16.16959804 
GO:0030111~regulation of Wnt signaling 
pathway 
28 2.052785924 0.00890625 LZTS2, HNF1A, PPP2R3A, CTNND2, PPM1A, CTNND1, SOX4, LGR4, SRC, WNT1, AMER1, RSPO1, MDFIC, TNKS, NFATC4, AXIN2, DISC1, MLLT3, DIXDC1, 
DAB2IP, SIX3, LEF1, WNT2B, CCND1, NOTCH1, DKK1, HDAC1, LRP4 
1.680501937 1 0.109791812 16.29116498 
GO:0032869~cellular response to insulin 
stimulus 
24 1.759530792 0.008955213 PID1, RNASEL, ESRRA, SOGA1, CPEB2, PPARG, MSTN, SOCS7, RHOQ, SIRT1, USF1, IRS1, SRC, PRKCB, SLC2A8, INHBB, PRKCQ, XBP1, SERPINE1, EEF2K, 
MARCKS, VAMP2, MYC, PIK3R2 
1.769462518 1 0.110186412 16.37332763 
GO:0046661~male sex differentiation 24 1.759530792 0.008955213 ARID4A, HOXA13, LHCGR, ARID4B, MET, HMGCS1, SMAD4, KITLG, KIT, LGR4, WNT2B, INHBB, NCOA1, ACE, CCND1, BCL2, GATA3, EIF2S2, PDGFRA, ASB1, 
WNT9B, GFRA1, AGO4, JMJD1C 
1.769462518 1 0.110186412 16.37332763 
GO:0010770~positive regulation of cell 22 1.612903226 0.009014194 DIXDC1, PTPRD, GCNT2, MAP2K1, MET, SMAD4, LEF1, MYADM, SNAI1, NUMBL, EPHA4, NOTCH1, MAPT, VEGFA, EEF2K, RELN, BCL9L, MARCKS, AXIN2, 1.825916799 1 0.110696017 16.47220106 
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morphogenesis involved in differentiation CUX1, DISC1, RAB21 
GO:0098780~response to mitochondrial 
depolarisation 
18 1.319648094 0.009083235 SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, MSTN, CHST3, PEX3, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, GMIP, MEX3C, ATPIF1, TREM1 1.980591569 1 0.111320347 16.58779824 
GO:0098779~activation of mitophagy in 
response to mitochondrial depolarization 
18 1.319648094 0.009083235 SLC6A1, MAP2K1, CRNKL1, MAP1A, ATG13, MSTN, CHST3, PEX3, ZCCHC17, NR2C2, FAM131B, KCNK3, RIMS3, CALCB, GMIP, MEX3C, ATPIF1, TREM1 1.980591569 1 0.111320347 16.58779824 
GO:0010942~positive regulation of cell 
death 
59 4.325513196 0.009101744 
LDHA, LZTS2, PPARG, SNCA, PDCD4, PRMT2, PTGIS, RARB, NQO1, CASP2, FOSL1, MYC, RET, DAB2IP, ANP32B, CYCS, TP53, RAD9A, MYCN, INHBB, NCOA1, 
PDGFRB, PLA2G6, ATPIF1, CLIP3, ING3, HOXA13, ADAMTSL4, SOX4, SRC, PEA15, MOAP1, ACE, XBP1, BCL6, NFATC4, INPP5D, AXIN2, BMF, HIP1, MUC2, 
DNM1L, NOS1, CREB1, RNPS1, MAL, SIRT1, TP73, NOTCH2, EI24, NOTCH1, UACA, CSRNP3, HDAC1, TRPS1, IRF1, SMPD1, IGFBP3, TP53INP1 
1.391129792 1 0.111357207 16.61876086 
GO:0030003~cellular cation homeostasis 51 3.739002933 0.009208263 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, MS4A2, SLC25A27, MYC, DISC1, TP53, RAP1GDS1, CFTR, PRKCE, PRKCB, CRHR1, 
PRKD1, SLC26A9, PGM1, PDGFRA, PLA2G6, AKAP6, STC1, GPR12, GLP1R, CAV3, CALCR, DRD2, CCR1, FKBP1A, BDKRB2, FKBP1B, TPCN2, CALCA, BCL2, 
SLC31A2, NOS1, SWAP70, SMAD4, ATP1A2, TMPRSS6, KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.432768369 1 0.112410796 16.79674703 
GO:0003025~regulation of systemic 
arterial blood pressure by baroreceptor 
feedback 
4 0.293255132 0.009211727 CALCA, NAV2, ASIC2, ADRA1D 8.299621813 1 0.112272228 16.80252832 
GO:0007569~cell aging 14 1.026392962 0.009217594 FZR1, MAP2K1, MET, TP53, LMNA, CDK6, SIRT1, PDCD4, MARCH5, WNT1, BCL2, SERPINE1, MNT, BCL6 2.234513565 1 0.112161778 16.81232111 
GO:0043473~pigmentation 14 1.026392962 0.009217594 MAP2K1, DRD2, MITF, LEF1, KITLG, KIT, EDAR, GPR143, KIF13A, TRAPPC6A, LYST, BCL2, RAB29, MYC 2.234513565 1 0.112161778 16.81232111 
GO:0048545~response to steroid hormone 62 4.545454545 0.009266 
CREBRF, ARSB, LDHA, SLC6A1, PPARG, CBX3, RORA, MBP, PAPPA, GATA3, GPX3, SERPINE1, RARB, NQO1, FOSL1, MYC, PDXK, STRN3, LEF1, CFTR, FOSB, 
IL6R, HNF4G, PPARGC1B, NCOA1, CCND1, UCN2, HNF4A, VEGFA, PDGFRA, PDGFRB, STC1, RELN, CALCR, ALDOA, KMT2D, TH, PAQR7, PAQR8, SRC, NR2C2, 
ACE, RPL32, BCL2, IDH1, ESRRA, NOS1, MAP2K1, IL1RN, NR4A2, MSTN, RCAN1, ATP1A2, SIRT1, PPP1R9B, NOTCH1, NR1I2, UCP3, PLN, DPYD, AREG, NCOR2 
1.376925026 1 0.112540507 16.89307013 
GO:0043414~macromolecule methylation 28 2.052785924 0.009384585 
KMT2D, RAB3B, ARID4A, ARID4B, CTCFL, WTAP, PRMT2, XBP1, PAX7, GATA3, METTL1, RTF1, GATAD2B, TGS1, BAZ2A, KMT5B, ASXL2, SATB1, MTA2, 
SMAD4, WHSC1, SIRT1, TRMT61A, PHF19, KDM4C, IRF4, NSD1, SUPT6H 
1.673586291 1 0.113722074 17.0905745 
GO:0006873~cellular ion homeostasis 52 3.812316716 0.009409294 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, MS4A2, SLC25A27, MYC, DISC1, TP53, RAP1GDS1, FGF23, CFTR, PRKCE, PRKCB, 
PRKD1, CRHR1, SLC26A9, PGM1, PDGFRA, PLA2G6, AKAP6, STC1, GPR12, GLP1R, CAV3, CALCR, DRD2, CCR1, FKBP1A, BDKRB2, FKBP1B, TPCN2, CALCA, 
BCL2, SLC31A2, NOS1, SWAP70, SMAD4, ATP1A2, TMPRSS6, KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.425029406 1 0.11382542 17.1316714 
GO:0050775~positive regulation of 
dendrite morphogenesis 
9 0.659824047 0.009426091 EPHA4, PTPRD, MET, EEF2K, MARCKS, RELN, CUX1, RAB21, NUMBL 2.970887353 1 0.113838107 17.15959915 
GO:0051726~regulation of cell cycle 77 5.64516129 0.009561772 
DYNC1LI1, CHMP3, E2F5, CTDSPL, PRR11, SPICE1, CCNE2, BRINP1, PRMT2, MYOCD, GATA3, VPS4A, TGFA, CTDSP2, PLCB1, CASP2, FOSL1, MYC, CABLES1, 
PID1, DAB2IP, ANP32B, TP53, SIX3, LEF1, RAD9B, CDK6, RAD9A, PRKCE, CDKL2, PKIA, FOXN3, RAB11FIP4, MFN2, PRKCQ, MAP4K4, CCND1, XPC, UHRF2, 
PSME1, HNF4A, MCIDAS, FOXG1, TRIM32, TBRG1, MNT, PDGFRB, MDM4, MAP3K14, FZR1, HOXA13, DRD2, SIPA1, SOX4, BCCIP, SRC, OVOL2, BCL2, OVOL1, 
PER2, AXIN2, MAP2K1, TRNP1, MET, CDC23, OXSR1, GAS1, SNAI1, SIRT1, TP73, TRIM21, CDKN1C, NOTCH2, PKP4, IRF1, DGKZ, TP53INP1 
1.321955129 1 0.115204681 17.3848519 
GO:0014013~regulation of gliogenesis 16 1.173020528 0.009740344 PLAG1, EPHA4, DLX1, GFAP, NOTCH1, HDAC1, CREB1, SYNJ1, PPARG, CNTN2, PRKCH, SKI, LIN28A, MYC, TP73, MYCN 2.074905453 1 0.117051324 17.6804243 
GO:0006914~autophagy 43 3.152492669 0.009821286 
ARSB, SCN1A, CRNKL1, SLC6A1, PLEKHM1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, CALCB, GMIP, ATG5, XBP1, BCL2, STX17, PAFAH1B2, DNM1L, 
ATG9A, MAP2K1, MAP1A, ZDHHC8, TP53, CHST3, MSTN, WIPI2, ZCCHC17, SIRT1, TRIM21, KCNK3, VTI1A, FAM131B, TBC1D25, MFN2, EI24, ATG4B, MEX3C, 
SVIP, ATPIF1, TREM1, TP53INP2, TP53INP1 
1.483483471 1 0.117784539 17.81407025 
GO:0032103~positive regulation of 
response to external stimulus 
42 3.079178886 0.009847337 
OPRM1, CRNKL1, SLC6A1, CCR1, ATG13, HK1, TNFSF14, CALCOCO2, SNX4, PEX3, CXCL11, FKBP1B, NR2C2, CXCL10, RIMS3, CD47, CALCB, ACE, GMIP, ATG5, 
SERPINE1, PAFAH1B2, GBP5, MAP2K1, SWAP70, MAP1A, MET, CHST3, MSTN, DAPK2, ZCCHC17, SIRT1, FAM131B, KCNK3, PRKD1, CDH13, VEGFA, MEX3C, 
PDGFRB, ATPIF1, TREM1, CLOCK 
1.491496829 1 0.117895102 17.85703933 
GO:0050482~arachidonic acid secretion 6 0.439882698 0.009920698 PNPLA8, ACE, DRD2, LHCGR, PLA2G6, BDKRB2 4.357301452 1 0.118538471 17.97792892 
GO:0010224~response to UV-B 6 0.439882698 0.009920698 HYAL3, XPC, RPL13A, BCL2, TP53, MFAP4 4.357301452 1 0.118538471 17.97792892 
GO:0051590~positive regulation of 
neurotransmitter transport 6 0.439882698 0.009920698 STX1A, RAB3B, DRD2, SNCA, HTR2C, NAT8L 4.357301452 1 0.118538471 17.97792892 
GO:1903963~arachidonate transport 6 0.439882698 0.009920698 PNPLA8, ACE, DRD2, LHCGR, PLA2G6, BDKRB2 4.357301452 1 0.118538471 17.97792892 
GO:0097480~establishment of synaptic 
vesicle localization 
15 1.099706745 0.009964518 SYT1, STX1A, CPLX2, SNCA, TH, SYNJ1, AP3S2, PCLO, RIMS4, RIMS3, AP1S2, TRIM9, TOR1A, ADGRL1, VAMP2 2.135932084 1 0.118847184 18.05005797 
GO:0071347~cellular response to 
interleukin-1 
15 1.099706745 0.009964518 IRAK2, DAB2IP, HYAL3, YY1, IL1RN, RORA, INHBB, CCL22, RPS6KA4, PTGIS, SERPINE1, IRF1, PDGFRA, PLCB1, MYC 2.135932084 1 0.118847184 18.05005797 
GO:0048489~synaptic vesicle transport 15 1.099706745 0.009964518 SYT1, STX1A, CPLX2, SNCA, TH, SYNJ1, AP3S2, PCLO, RIMS4, RIMS3, AP1S2, TRIM9, TOR1A, ADGRL1, VAMP2 2.135932084 1 0.118847184 18.05005797 
GO:0048145~regulation of fibroblast 
proliferation 15 1.099706745 0.009964518 DAB2IP, CREB1, PPARG, TP53, SKI, CDK6, SIRT6, WNT1, PEX2, TRIM32, SERPINE1, PDGFRA, PDGFRB, MYC, FNDC3B 2.135932084 1 0.118847184 18.05005797 
GO:0031668~cellular response to 
extracellular stimulus 
51 3.739002933 0.009985127 
LDHA, CRNKL1, SLC6A1, PPARG, PEX3, ATG5, MYOCD, FOSL1, ATG9A, ZDHHC8, TP53, CHST3, FGF23, ZCCHC17, INHBB, NCOA1, UCN2, ATG4B, WNT9B, 
ATPIF1, TREM1, SCN1A, SIPA1, ATG13, HK1, CALCOCO2, RRAGD, NR2C2, RIMS3, CALCB, GMIP, XBP1, STX17, BCL2, PAFAH1B2, DNM1L, MAP2K1, MAP1A, 
AXL, NR4A2, MSTN, WIPI2, SIRT1, USF1, KCNK3, FAM131B, WNT2B, TBC1D25, MEX3C, TP53INP2, TP53INP1 
1.427247104 1 0.118894259 18.08395913 
GO:0048193~Golgi vesicle transport 24 1.759530792 0.01005904 
PACS1, CNST, COPZ1, BET1, LMAN1, ERGIC1, VTI1A, BBS1, PRKD1, KIF13A, COG3, COG6, SGSM2, ANK3, RAB29, STX17, SEC16A, GOLPH3L, SURF4, LYPLAL1, 
VAMP2, CUX1, SAR1A, SLC30A6 
1.751678976 1 0.119538375 18.20543882 
GO:1903844~regulation of cellular 
response to transforming growth factor 
beta stimulus 
14 1.026392962 0.01007868 CAV3, STRAP, ONECUT2, SMAD4, PPM1A, TP53, SKI, ZEB1, SIRT1, CDKN1C, WNT1, PEG10, MYOCD, BCL9L 2.210225374 1 0.119573309 18.23768835 
GO:0017015~regulation of transforming 
growth factor beta receptor signaling 
pathway 
14 1.026392962 0.01007868 CAV3, STRAP, ONECUT2, SMAD4, PPM1A, TP53, SKI, ZEB1, SIRT1, CDKN1C, WNT1, PEG10, MYOCD, BCL9L 2.210225374 1 0.119573309 18.23768835 
GO:2000045~regulation of G1/S transition 
of mitotic cell cycle 
14 1.026392962 0.01007868 PID1, ANP32B, CTDSPL, TP53, SOX4, TP73, CCND1, PRMT2, PSME1, BCL2, DGKZ, CTDSP2, PLCB1, CASP2 2.210225374 1 0.119573309 18.23768835 
GO:0033500~carbohydrate homeostasis 29 2.126099707 0.010141927 
CAV3, HNF1A, PPARG, TH, HK1, SOX4, MYT1, SIDT2, FKBP1B, CSMD1, SLC16A1, NPTX1, ACE, CRY2, XBP1, SERPINE1, PIK3R2, PDK3, MET, ADIPOR2, SIRT6, 
CFTR, PFKM, SIRT1, MAP4K4, HNF4A, PLA2G6, CACNA1E, NCOR2 
1.645335184 1 0.120094778 18.34146267 
GO:0042593~glucose homeostasis 29 2.126099707 0.010141927 
CAV3, HNF1A, PPARG, TH, HK1, SOX4, MYT1, SIDT2, FKBP1B, CSMD1, SLC16A1, NPTX1, ACE, CRY2, XBP1, SERPINE1, PIK3R2, PDK3, MET, ADIPOR2, SIRT6, 
CFTR, PFKM, SIRT1, MAP4K4, HNF4A, PLA2G6, CACNA1E, NCOR2 
1.645335184 1 0.120094778 18.34146267 
GO:0015749~monosaccharide transport 17 1.246334311 0.010178625 PID1, SLC2A13, RNASEL, HNF1A, MET, ADIPOR2, RHOQ, SIRT6, IRS1, PRKCB, SLC2A8, PEA15, MARCKS, SLC25A27, CLIP3, MYC, GLP1R 2.007428853 1 0.120318661 18.40161791 
GO:0031345~negative regulation of cell 21 1.539589443 0.010199786 GFAP, RAP1GAP, ADCY5, MBP, EPHB2, MAP4K4, EPHA4, SEMA6A, FAT3, SEMA4F, XYLT1, RAB29, SEMA3E, ANP32A, SEMA4C, SEMA4B, NFATC4, EVI5L, 1.837416275 1 0.120369063 18.43628726 
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projection organization TBC1D30, TLX2, LRP4 
GO:0002053~positive regulation of 
mesenchymal cell proliferation 
8 0.586510264 0.010271168 VEGFA, FBXW4, GAS1, IRS1, MYC, FOXP1, FOXP2, MYCN 3.227630705 1 0.120976522 18.55312904 
GO:0010470~regulation of gastrulation 8 0.586510264 0.010271168 DKK1, HNF4A, IL1RN, DAG1, TGIF2, COL5A2, MYADM, KLF4 3.227630705 1 0.120976522 18.55312904 
GO:0071526~semaphorin-plexin signaling 
pathway 8 0.586510264 0.010271168 NRP2, SEMA6A, SEMA4F, MET, SEMA3E, SEMA4C, SEMA4B, FARP2 3.227630705 1 0.120976522 18.55312904 
GO:0090132~epithelium migration 26 1.906158358 0.010314727 
ARSB, STRAP, KIT, AMOTL1, SRC, CALCA, MARVELD3, GATA3, FAT2, SERPINE1, DAB2IP, PTPRM, MET, PTPRR, MYH9, PRKCE, GRHL2, FOXP1, CORO1C, 
PRKD1, CDH13, NOTCH1, PLCG1, VEGFA, STC1, KLF4 1.701048615 1 0.121273667 18.62435165 
GO:2000146~negative regulation of cell 
motility 26 1.906158358 0.010314727 
RECK, MUC2, DAB2IP, PTPRM, ABR, DRD2, STRAP, IL1RN, DAG1, PTPRR, PADI2, CORO1C, NOTCH1, BCL2, GATA3, MARVELD3, SERPINE1, RRAS, STC1, PLCB1, 
IGFBP3, KLF4, ARHGDIB, TP53INP1, RNF41, SRGAP2 1.701048615 1 0.121273667 18.62435165 
GO:0070555~response to interleukin-1 18 1.319648094 0.01049309 IRAK2, DAB2IP, HYAL3, YY1, IL1RN, SNCA, RORA, SRC, INHBB, CCL22, RPS6KA4, PTGIS, XYLT1, SERPINE1, IRF1, PDGFRA, PLCB1, MYC 1.951030501 1 0.123058135 18.91537009 
GO:0030336~negative regulation of cell 
migration 
25 1.832844575 0.010497397 RECK, MUC2, DAB2IP, PTPRM, ABR, DRD2, STRAP, IL1RN, DAG1, PTPRR, PADI2, CORO1C, NOTCH1, BCL2, MARVELD3, SERPINE1, RRAS, STC1, PLCB1, IGFBP3, 
KLF4, ARHGDIB, TP53INP1, SRGAP2, RNF41 
1.720893148 1 0.122918021 18.92238622 
GO:0060251~regulation of glial cell 
proliferation 
7 0.513196481 0.010634218 PLAG1, GFAP, NOTCH1, CREB1, PRKCH, SKI, MYC 3.631084543 1 0.124234899 19.1449363 
GO:0090003~regulation of establishment 
of protein localization to plasma 
membrane 
10 0.73313783 0.010748976 PID1, PPP1R9B, CNST, PPP2R5A, PPFIA1, RHOQ, LYPLAL1, CLIP3, TMBIM1, PIK3R2 2.689692254 1 0.125304107 19.33115182 
GO:0010463~mesenchymal cell 
proliferation 10 0.73313783 0.010748976 FAT4, VEGFA, FBXW4, LMNA, GAS1, IRS1, MYC, FOXP1, FOXP2, MYCN 2.689692254 1 0.125304107 19.33115182 
GO:0006475~internal protein amino acid 
acetylation 20 1.46627566 0.01082013 ING3, HNF1A, NOS1, TAF5, SNCA, SMAD4, LEF1, FOXP3, SIRT1, MSL2, JADE2, NCOA1, RPS6KA4, ATG5, NAA50, BRPF3, GATA3, ANP32A, IRF4, CLOCK 1.862094638 1 0.125892257 19.44640683 
GO:0035150~regulation of tube size 20 1.46627566 0.01082013 
PTPRM, NOS1, MAP2K1, MRVI1, RAP1GDS1, CFTR, BDKRB2, SIRT1, GCH1, CALCA, ACE, ATG5, KCNJ8, SERPINF2, WNT9B, PLA2G6, GUCY1A3, HTR2C, 
ADRA1D, HTR2A 1.862094638 1 0.125892257 19.44640683 
GO:0035270~endocrine system 
development 20 1.46627566 0.01082013 
HNF1A, RAP1GAP, MAP2K1, DRD2, SLC6A3, CREB1, ONECUT2, SIX3, SOX4, CDK6, DLL1, IL6R, MYT1, SIDT2, CDKN1C, INHBB, CRHR1, GATA3, PDGFRA, 
PDGFRB 1.862094638 1 0.125892257 19.44640683 
GO:0001657~ureteric bud development 15 1.099706745 0.010824547 RET, PGF, SMAD4, CALB1, LGR4, HS2ST1, WNT2B, WNT1, FAT4, BCL2, GATA3, VEGFA, WNT9B, RARB, MYC 2.115194879 1 0.125750135 19.4535572 
GO:0048144~fibroblast proliferation 15 1.099706745 0.010824547 DAB2IP, PPARG, TP53, SKI, CDK6, SIRT6, WNT1, SP2, PEX2, TRIM32, SERPINE1, PDGFRA, PDGFRB, MYC, FNDC3B 2.115194879 1 0.125750135 19.4535572 
GO:0046031~ADP metabolic process 12 0.879765396 0.010839317 ALDOA, LDHA, TP53, AK3, HK1, SIRT6, PFKM, AK4, CBFA2T3, MYC, AK9, HTR2A 2.387562439 1 0.125721254 19.4774593 
GO:0010923~negative regulation of 
phosphatase activity 
12 0.879765396 0.010839317 PPP1R9B, CNST, CRY2, ROCK1, CSRNP3, RIMBP2, PPP1R11, DLG3, LMTK3, FKBP1A, SPRED1, FKBP1B 2.387562439 1 0.125721254 19.4774593 
GO:0042311~vasodilation 12 0.879765396 0.010839317 CALCA, PTPRM, NOS1, ATG5, KCNJ8, MRVI1, PLA2G6, GUCY1A3, CFTR, BDKRB2, SIRT1, GCH1 2.387562439 1 0.125721254 19.4774593 
GO:0048754~branching morphogenesis of 
an epithelial tube 
22 1.612903226 0.010842039 
SLC12A2, PGF, MET, PPP3R1, DAG1, SMAD4, LEF1, SRC, LGR4, MYCN, WNT2B, WNT1, NOTCH1, FAT4, BCL2, SEMA3E, VEGFA, WNT9B, NFATC4, TMTC3, 
AREG, MYC 
1.79514292 1 0.125561398 19.48186459 
GO:0071383~cellular response to steroid 
hormone stimulus 26 1.906158358 0.010883588 
CREBRF, PPARG, PAQR7, CBX3, PAQR8, RORA, SRC, NR2C2, RPL32, SERPINE1, RARB, MYC, ESRRA, NR4A2, LEF1, MSTN, ATP1A2, HNF4G, SIRT1, PPP1R9B, 
NR1I2, UCN2, HNF4A, VEGFA, RELN, STC1 1.693420594 1 0.125823781 19.54906453 
GO:0045165~cell fate commitment 30 2.19941349 0.010899958 
HOXA13, ONECUT2, PPARG, MITF, RORA, JAG1, WNT1, OLIG3, BCL2, PAX7, GATA3, BCL11B, RTF1, POU2F1, SATB2, TP53, SIX3, SMAD4, DLL1, GAS1, 
WNT2B, NOTCH3, NOTCH2, DLX1, NOTCH1, DKK1, TRPS1, FOXG1, WNT9B, IRF4 1.619814666 1 0.125812288 19.57552659 
GO:0021700~developmental maturation 28 2.052785924 0.010946937 
TFCP2L1, PPARG, DAG1, WNT1, FAT4, XBP1, GATA3, BCL2, CNTNAP2, NFATC4, TMEM79, ASXL2, RECK, RET, DAB2IP, AXL, NTN4, SIX3, NR4A2, CFTR, FARP2, 
CDKN1C, ZDHHC15, VEGFA, CNTN2, NEUROD2, RELN, ADGRL1 1.653176703 1 0.126132152 19.65142216 
GO:0015844~monoamine transport 13 0.953079179 0.01102527 RAB3B, STX1A, NOS1, DRD2, KCNA2, SLC6A3, SNCA, PRKCB, CRHR1, XBP1, TOR1A, NAT8L, HTR2A 2.27489634 1 0.126789508 19.77781916 
GO:0009135~purine nucleoside 
diphosphate metabolic process 
13 0.953079179 0.01102527 ALDOA, LDHA, TP53, AK3, HK1, SIRT6, AK4, PFKM, CBFA2T3, AK9, DLG3, MYC, HTR2A 2.27489634 1 0.126789508 19.77781916 
GO:0009179~purine ribonucleoside 
diphosphate metabolic process 
13 0.953079179 0.01102527 ALDOA, LDHA, TP53, AK3, HK1, SIRT6, AK4, PFKM, CBFA2T3, AK9, DLG3, MYC, HTR2A 2.27489634 1 0.126789508 19.77781916 
GO:0033365~protein localization to 
organelle 67 4.91202346 0.011335433 
LZTS2, DPH6, LHCGR, TNFSF14, PEX3, HOOK3, TMEM173, CRY2, ANK2, MDFIC, PEX2, NMUR1, DISC1, KDELR3, DAB2IP, ATG9A, ZDHHC8, SIX3, TP53, SRPRA, 
EDAR, IRS1, CDKL2, PKIA, BBS1, MFN2, PRKCQ, HNF4A, VEGFA, UBL4A, AKAP6, ATPIF1, PACS1, CLDN18, ABLIM3, ATG13, PPM1A, PPP3R1, DAG1, NFKBIA, 
HK1, SRC, MOAP1, XBP1, TOR1A, BCL6, TNKS, AXIN2, SEC61A1, ELMOD1, PIK3R2, SPRN, DNM1L, SMAD4, LRRC46, LMNA, MID1, MARCH5, SIRT1, COG3, 
PPP1R9B, UACA, NEDD4, DCP1A, KCNN3, SPCS2, HTR2A 
1.344103118 1 0.129938601 20.2764423 
GO:0002684~positive regulation of 
immune system process 68 4.985337243 0.011388922 
PVR, VTCN1, TNFSF14, JAG1, FES, CXCL11, PNP, LGR4, CXCL10, NLRC5, CD47, TMEM173, TKFC, GATA3, PDE4B, SERPINE1, LTF, MS4A2, IRAK2, DAB2IP, 
GBP5, EFNB3, EFNB1, FLOT2, TP53, LEF1, PRKCH, NFAM1, DAPK2, PRKCE, PPARGC1B, PRKCB, CRHR1, PRKCQ, UBE2K, LYST, ADK, VEGFA, VAMP2, ATXN1L, 
CCR1, UNG, NFKBIA, KITLG, CACNB3, SNX4, CALCA, XBP1, BCL2, PVRL2, BCL6, INPP5D, THPO, CSF1R, ASXL2, ZBTB46, CR2, SWAP70, CREB1, AXL, WHSC1, 
FOXP3, SIRT1, FOXP1, NOTCH2, PLCG1, IRF1, IRF4 
1.340101758 1 0.13031889 20.36213386 
GO:0098609~cell-cell adhesion 75 5.498533724 0.01150781 
PVR, METAP1, CADM4, VTCN1, FGFRL1, TNFSF14, ZEB1, RORA, PNP, VCL, CD47, WNT1, ATG5, ANK3, GATA3, PAG1, SATB1, RET, PTPRM, ROCK1, EFNB3, 
EFNB1, FLOT2, SDK2, TP53, LEF1, CDK6, MYH9, MYADM, PRKCQ, ADK, VEGFA, PDGFRA, CNTN3, PLA2G2F, PARVA, GCNT2, RAP1GAP, CTNND2, SOX4, 
CTNND1, FKBP1A, KIT, FKBP1B, SRC, CALCA, ALCAM, CDH9, FAT3, PVRL1, XBP1, FAT4, BCL2, BCL11B, PVRL2, FAT2, BCL6, SELPLG, PTPRD, MAP2K1, SWAP70, 
PODXL, IL1RN, DOCK8, FOXP3, FOXP1, CDH13, PKNOX1, NEDD4, PKP4, IRF1, DSC3, ADGRL1, IRF4, KLF4 
1.317201164 1 0.131397508 20.55228535 
GO:0046822~regulation of 
nucleocytoplasmic transport 
25 1.832844575 0.011712152 
NCBP2, DAB2IP, ANP32B, XPO4, SMAD4, PTPN14, PPP3R1, PPM1A, TNFSF14, NFKBIA, SOX4, EDAR, PKIA, SIRT1, PRKCQ, TMEM173, UACA, HNF4A, MDFIC, 
XBP1, NEDD4, AKAP6, AXIN2, SUPT6H, PIK3R2 
1.704734527 1 0.133382482 20.8781046 
GO:0051261~protein depolymerization 15 1.099706745 0.011741497 DBNL, LIMA1, STMN3, SWAP70, MAP1A, SYNJ1, MID1, MYH9, PPP1R9B, PLEKHH2, TMOD2, VPS4A, STMN1, ADD2, MAP6D1 2.094856467 1 0.133497422 20.92479001 
GO:0072164~mesonephric tubule 
development 
15 1.099706745 0.011741497 RET, PGF, SMAD4, CALB1, LGR4, HS2ST1, WNT2B, WNT1, FAT4, BCL2, GATA3, VEGFA, WNT9B, RARB, MYC 2.094856467 1 0.133497422 20.92479001 
GO:0072163~mesonephric epithelium 
development 
15 1.099706745 0.011741497 RET, PGF, SMAD4, CALB1, LGR4, HS2ST1, WNT2B, WNT1, FAT4, BCL2, GATA3, VEGFA, WNT9B, RARB, MYC 2.094856467 1 0.133497422 20.92479001 
GO:0016241~regulation of 
macroautophagy 
27 1.979472141 0.011812992 SLC6A1, CRNKL1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, CALCB, ATG5, GMIP, PAFAH1B2, DNM1L, MAP2K1, ZDHHC8, MAP1A, TP53, MSTN, CHST3, 
ZCCHC17, SIRT1, FAM131B, KCNK3, TBC1D25, MEX3C, ATPIF1, TREM1 
1.661682757 1 0.134059489 21.03842355 
GO:0042493~response to drug 58 4.252199413 0.011892913 LDHA, SLC22A12, PGF, SLC6A3, LHCGR, PPARG, SNCA, PNP, ATG5, GATA3, GPX3, PDE4B, SERPINE1, TGFA, FOSL1, MYC, RET, GABRG3, PDXK, PTPRM, TP53, 
CFTR, FOSB, PRKCB, NCOA1, CCND1, XPC, HNF4A, LYST, VEGFA, RELN, DRD2, TH, HMGCS1, BDKRB2, SRC, ACE, ACSL1, ECE1, XBP1, BCL2, GNAO1, NOS1, 
1.376489565 1 0.134708708 21.16526629 
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CREB1, IL1RN, MET, ASIC2, AK4, TP73, KCNK3, PPP1R9B, EI24, NR1I2, HDAC1, SMPD1, DPYD, HTR2C, HTR2A 
GO:0001568~blood vessel development 56 4.105571848 0.011982588 
NRP2, NDST1, PGF, JAG1, RORA, CXCL10, PTGIS, MYOCD, HPSE, SEMA3E, TGFBI, SERPINE1, RRAS, TGFA, FOSL1, RECK, DAB2IP, PTPRM, ROCK1, ADIPOR2, 
LEF1, DLL1, MYH9, PRKCB, PRKD1, ACVR2B, SERPINF2, VEGFA, PDGFRA, PDGFRB, ASB4, PARVA, HOXA13, PPP3R1, SOX4, EPHB2, ACE, PPP1R16B, OVOL2, 
XBP1, CHM, NFATC4, PTPRB, MAP2K1, HGF, UBP1, SIRT1, NOTCH3, NOTCH2, CDH13, NOTCH1, PKNOX1, PLCG1, NEDD4, POFUT1, KLF4 
1.38562681 1 0.135458515 21.30735891 
GO:0071407~cellular response to organic 
cyclic compound 
51 3.739002933 0.012078858 
CREBRF, OPRM1, ADCY5, PPARG, CBX3, RORA, TMEM173, SLC16A1, RAE1, PDE4B, SERPINE1, EEF2K, RARB, MYC, LEF1, FGF23, CFTR, HNF4G, INHBB, UCN2, 
HNF4A, VEGFA, AKAP6, STC1, RELN, TH, HMGCS1, PAQR7, NFKBIA, PAQR8, LIN28A, SRC, NR2C2, RPL32, AGO4, AXIN2, HCN3, SHMT1, KLF6, ESRRA, NOS1, 
IL1RN, NR4A2, MSTN, ATP1A2, SIRT1, PPP1R9B, NR1I2, RPL13A, IRF1, KLF4 
1.410935708 1 0.136274902 21.45963043 
GO:0060563~neuroepithelial cell 
differentiation 
13 0.953079179 0.012082384 MITF, SOX4, KITLG, LEF1, BCCIP, DLL1, JAG1, KIT, NOTCH1, CLIC5, BCL2, SLC4A7, CUX1 2.247814241 1 0.136112408 21.46520234 
GO:0072028~nephron morphogenesis 13 0.953079179 0.012082384 PGF, SMAD4, LGR4, HS2ST1, WNT2B, WNT1, FAT4, GATA3, BCL2, VEGFA, WNT9B, PDGFRB, MYC 2.247814241 1 0.136112408 21.46520234 
GO:0035065~regulation of histone 
acetylation 10 0.73313783 0.012089714 RPS6KA4, NOS1, ATG5, MYOCD, GATA3, SNCA, SMAD4, ANP32A, FOXP3, SIRT1 2.640788759 1 0.135990374 21.47678366 
GO:1902807~negative regulation of cell 
cycle G1/S phase transition 10 0.73313783 0.012089714 CCND1, PRMT2, CTDSPL, BCL2, TP53, SOX4, DGKZ, CTDSP2, CASP2, TP73 2.640788759 1 0.135990374 21.47678366 
GO:0003205~cardiac chamber 
development 21 1.539589443 0.012292261 
CAV3, NDST1, HOXA13, FGFRL1, TP53, SMAD4, SOX4, WHSC1, FKBP1A, JAG1, GRHL2, NOTCH2, NOTCH1, OVOL2, MYOCD, ANK2, GATA3, HEYL, MDM4, 
RARB, PARVA 1.804799418 1 0.137915325 21.79617667 
GO:2000573~positive regulation of DNA 
biosynthetic process 9 0.659824047 0.012296227 PRKCQ, OBFC1, PDGFRB, TNKS, HGF, GRHL2, MYC, KLF4, SRC 2.841718338 1 0.137755936 21.80241775 
GO:1901020~negative regulation of 
calcium ion transmembrane transporter 
activity 
6 0.439882698 0.012297903 CRHR1, DRD2, PLN, FKBP1A, ATP1A2, FKBP1B 4.149810906 1 0.137573102 21.80505491 
GO:2000757~negative regulation of 
peptidyl-lysine acetylation 
6 0.439882698 0.012297903 ATG5, HDAC1, SNCA, ANP32A, FOXP3, SIRT1 4.149810906 1 0.137573102 21.80505491 
GO:0003007~heart morphogenesis 27 1.979472141 0.012430153 
CAV3, FGFRL1, SOX4, FKBP1A, JAG1, OVOL2, FAT4, GATA3, RARB, AXIN2, ASXL2, TP53, SMAD4, SIRT6, WHSC1, DLL1, GRHL2, SNAI1, NOTCH2, NOTCH1, 
DKK1, NEDD4, VEGFA, HEYL, MDM4, NCOR2, PARVA 
1.654671437 1 0.138751666 22.01290955 
GO:0001963~synaptic transmission, 
dopaminergic 
7 0.513196481 0.012646086 RAB3B, DRD2, SLC6A3, TOR1A, TH, SNCA, NAT8L 3.505874731 1 0.140793807 22.35115781 
GO:1900274~regulation of phospholipase 
C activity 
7 0.513196481 0.012646086 CALCR, GPR55, NMUR1, PDGFRA, MS4A2, PDGFRB, HTR2A 3.505874731 1 0.140793807 22.35115781 
GO:0051154~negative regulation of 
striated muscle cell differentiation 
7 0.513196481 0.012646086 CAV3, NOTCH1, DKK1, HDAC1, MYOCD, XBP1, CXCL10 3.505874731 1 0.140793807 22.35115781 
GO:0021854~hypothalamus development 7 0.513196481 0.012646086 NRP2, CRHR1, NCOA1, LEF1, RELN, UQCRQ, MYC 3.505874731 1 0.140793807 22.35115781 
GO:0051494~negative regulation of 
cytoskeleton organization 
17 1.246334311 0.012677847 CAV3, DBNL, LIMA1, SWAP70, MAP1A, SNCA, PPFIA1, MYH9, MID1, MYADM, GMFB, PLEKHH2, TMOD2, STMN1, CLIP3, ADD2, MAP6D1 1.959632928 1 0.140919434 22.40079203 
GO:0048015~phosphatidylinositol-
mediated signaling 
17 1.246334311 0.012677847 DAB2IP, PI4KB, HGF, GPR143, SIRT1, IRS1, XBP1, NEDD4, GATA3, PDGFRA, PDGFRB, RELN, AGAP2, KLF4, PIK3R2, HTR2A, CSF1R 1.959632928 1 0.140919434 22.40079203 
GO:0016567~protein ubiquitination 61 4.472140762 0.012696908 
DYNC1LI1, HECW2, UBE2G1, RNF216, KLHDC7A, RNF182, CNOT4, ZYG11B, WNT1, DCAF11, ATG5, KLHL25, TRIM9, MED27, RNF34, DISC1, ANKS1A, HERC6, 
SOCS7, SOCS4, UBE2H, PRKCE, UHRF2, UBE2K, MED8, TRIM32, ASB1, ASB4, FBXO10, ZER1, FZR1, SYVN1, KBTBD12, PPIL2, SOX4, FKBP1A, UBE2QL1, AMER1, 
TRIM67, RNF165, BCL2, PER2, TNKS, NEDD4L, CDC23, HACE1, MARCH8, TRIM62, MARCH5, SIRT1, TRIM21, BTBD18, HSPBP1, MSL2, AKTIP, NEDD4, UBA1, 
FBXO30, NEUROD2, DNAJB2, RNF41 
1.35887213 1 0.140913328 22.43056629 
GO:0018022~peptidyl-lysine methylation 15 1.099706745 0.012717775 ASXL2, KMT2D, ARID4A, ARID4B, SMAD4, WHSC1, SIRT1, PHF19, RTF1, KDM4C, IRF4, NSD1, BAZ2A, KMT5B, SUPT6H 2.074905453 1 0.140925879 22.46314658 
GO:2000810~regulation of bicellular tight 
junction assembly 
5 0.366568915 0.012771431 ROCK1, MYO1C, PRKCH, NEDD4L, SNAI1 5.187263633 1 0.141276419 22.54686483 
GO:0042416~dopamine biosynthetic 
process 
5 0.366568915 0.012771431 SLC6A3, TH, SNCA, NR4A2, GCH1 5.187263633 1 0.141276419 22.54686483 
GO:0060828~regulation of canonical Wnt 
signaling pathway 21 1.539589443 0.013060987 
DIXDC1, LZTS2, DAB2IP, PPP2R3A, CTNND2, SOX4, CTNND1, LEF1, LGR4, SRC, WNT2B, WNT1, AMER1, NOTCH1, DKK1, RSPO1, HDAC1, TNKS, AXIN2, LRP4, 
MLLT3 1.794182951 1 0.144049415 22.997174 
GO:0050795~regulation of behavior 30 2.19941349 0.013166777 
DRD2, CCR1, KCNA2, TNFSF14, CXCL11, NR2C2, CXCL10, SEMA3E, SERPINE1, MTUS1, CNTNAP4, SWAP70, MET, PADI2, DAPK2, PRKD1, CRHR1, SEMA6A, 
CDH13, NOTCH1, DGAT1, NAPEPLD, SEMA4F, VEGFA, SEMA4C, PDGFRA, PDGFRB, SEMA4B, RELN, HTR2A 1.596081118 1 0.144926738 23.16107462 
GO:0044057~regulation of system process 48 3.519061584 0.01350617 
OPRM1, CAV3, GNAI2, DRD2, MRVI1, TH, FKBP1B, CALCA, ECE1, CRY2, ANK2, MYOCD, PDE4B, PER2, GUCY1A3, NEDD4L, GNAO1, PTPRM, NOS1, SCN2B, 
NOS1AP, MAP2K1, SMAD4, ASIC2, MSTN, CFTR, HGF, ATP1A2, SIRT1, CRHR1, INHBB, PRKCQ, UCN2, HSPB6, NEDD4, ADK, PLN, MYRF, PLA2G6, AKAP6, 
CACNA1E, STC1, MDM4, HTR2C, ADRA1D, GLP1R, KLF4, HTR2A 
1.419894567 1 0.148182678 23.68466173 
GO:0051944~positive regulation of 
catecholamine uptake involved in synaptic 
transmission 
3 0.219941349 0.013535854 RAB3B, DRD2, NAT8L 14.52433817 1 0.148273693 23.73029453 
GO:0038086~VEGF-activated platelet-
derived growth factor receptor signaling 
pathway 
3 0.219941349 0.013535854 VEGFA, PDGFRA, PDGFRB 14.52433817 1 0.148273693 23.73029453 
GO:0051586~positive regulation of 
dopamine uptake involved in synaptic 
transmission 
3 0.219941349 0.013535854 RAB3B, DRD2, NAT8L 14.52433817 1 0.148273693 23.73029453 
GO:0038091~positive regulation of cell 
proliferation by VEGF-activated platelet 
derived growth factor receptor signaling 
pathway 
3 0.219941349 0.013535854 VEGFA, PDGFRA, PDGFRB 14.52433817 1 0.148273693 23.73029453 
GO:0044774~mitotic DNA integrity 
checkpoint 
10 0.73313783 0.013551215 CCND1, XPC, TP53, SOX4, RAD9B, DGKZ, RAD9A, CASP2, FOXN3, TP73 2.593631817 1 0.14821902 23.75389885 
GO:0030534~adult behavior 21 1.539589443 0.013867331 OPRM1, SCN1A, NOS1, EFNB3, NRXN2, DRD2, SNCA, MET, NR4A2, ATP1A2, BBS1, CRHR1, EPHA4, MAPT, GRM7, CNTN2, CNTNAP2, ABHD12, ADAM22, 
HTR2C, HTR2A 
1.783690653 1 0.151208606 24.23811031 
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GO:2001252~positive regulation of 
chromosome organization 19 1.392961877 0.013933987 ASXL2, NOS1, TP53, SMAD4, FOXP3, SIRT1, PRKD1, SLX4, PRKCQ, PHF19, RPS6KA4, XBP1, OBFC1, GATA3, PAX7, VEGFA, RTF1, BCL6, TNKS 1.852096814 1 0.151667274 24.33983741 
GO:1902105~regulation of leukocyte 
differentiation 28 2.052785924 0.014015065 
CLDN18, CCR1, MITF, KITLG, ZEB1, PNP, CALCA, XBP1, GATA3, BCL6, INPP5D, MYC, CSF1R, ASXL2, ESRRA, ZBTB46, CREB1, AXL, LEF1, NFAM1, FOXP3, 
PPARGC1B, FOXP1, NOTCH2, GPR55, IRF1, TOB2, RNF41 1.620244896 1 0.152269467 24.463399 
GO:0016070~RNA metabolic process 290 21.26099707 0.014094298 
RORA, WTAP, DDX17, CRY2, MED27, WDR77, CREB3L1, DDX10, RARB, TWIST2, DAB2IP, STRN3, YY1, TAF4B, ZHX2, HNF4G, PPARGC1B, MED19, UHRF2, 
NOP2, MTF1, HNF4A, SERPINF2, MCIDAS, VEGFA, FOXG1, MNT, TGIF2, ATXN1L, SUPT6H, GATC, TNRC18, HOXA13, CRTC1, TFCP2L1, NFKBIA, UBA5, MYT1, 
TAL2, PLAGL1, ISY1, TNKS, RPS24, PLAG1, ASXL2, KLF6, BMP3, ESRRA, MAP2K1, SMAD4, PTPN14, YTHDC1, KLF17, MSTN, SKI, UBP1, USF1, SFMBT2, ZBTB42, 
NOTCH3, NOTCH2, ZFHX4, DLX1, NOTCH1, NR1I2, CSRNP3, DCP1A, TRPS1, JAZF1, RBMXL1, POP4, TCF12, FOXI1, KLF4, NCOR2, BMP8B, CREBRF, HNF1A, 
CRNKL1, CPEB3, PPARG, MITF, ZEB1, ANP32A, MKX, MYC, AGAP2, WDR33, CSDC2, TP53, PAPD5, ERLIN1, SPEN, NFAM1, IL6R, FOSB, TRMT61A, MXD4, 
MYCN, FOXR2, CCND1, NSD1, CLOCK, ZMYND11, POLR2F, SCML2, KIT, SF3B3, XBP1, BCL11B, PER2, GATAD2B, MLLT1, BCL6, BCL9L, AGO4, ZSCAN29, BAZ2A, 
TLX2, MLLT3, NOS1, LMNA, TNP1, PPP1R10, AFF2, ZFP2, ATMIN, TMPRSS6, SNAI1, TP73, TRIM21, PREB, CDH13, RPS6KA4, PHF19, DKK1, PKNOX1, MAPK13, 
HNRNPUL1, ZBTB4, KDM8, NEUROD2, TP53INP2, LRP4, TP53INP1, NCBP2, RNASEL, CBX3, JAG1, MAF1, PUS7L, NLRC5, WNT1, PTGIS, OLIG3, MYOCD, ATG5, 
MDFIC, GATA3, TGS1, SAMD4A, PID1, SATB1, RBFOX2, RET, SATB2, MTA2, SIX3, FOXN2, FGF23, DLL1, GRHL2, PKIA, FOXN3, ELL2, IGSF1, CELF6, TRIM32, 
CELF3, CELF2, NFE2L1, RELN, GLP1R, CAMTA1, DRD2, STRAP, ONECUT2, SOX4, LIN28A, GREM2, SRC, NR2C2, FOXQ1, OVOL2, CNOT6L, RNF165, METTL1, 
OVOL1, TFDP2, AXIN2, TAF5, MET, NR4A2, HACE1, WHSC1, RNPS1, FOXP3, TRIM62, FOXP1, FOXP2, CDKN1C, PPIE, HDAC1, NEDD4, GTF2F1, ZIC5, ATF7, 
POU6F1, E2F3, ARID4A, E2F5, ARID4B, RHOQ, CBFA2T3, PDCD4, LGR4, TMEM173, MAZ, PRMT2, PCBP4, PEX2, PAX7, RTF1, WWC3, LTF, LRRFIP1, PLCB1, 
FOSL1, TSEN15, KMT5B, IRAK2, TBL1XR1, KDM7A, FOXJ2, PADI2, PRKCH, LEF1, DIEXF, DDN, PURB, NRIP2, PRKCB, PRKD1, PRKCQ, ACVR2B, NCOA1, MYRF, 
MDM4, JMJD1C, CUX1, ABLIM1, KMT2D, FRK, ING3, ABLIM3, CTNND2, PPP3R1, PPM1A, CTCFL, CALCA, RGMB, POU2F1, CHD1, NFATC4, TNRC6B, CHD3, 
PIK3R2, GEMIN5, CREB1, CREB5, SIRT6, SIRT1, ATXN7L3, SP2, ATXN7, HEYL, IRF1, KDM4C, IRF4, RNF41 
1.121719859 1 0.152850941 24.58396522 
GO:0090130~tissue migration 26 1.906158358 0.014120284 
ARSB, STRAP, KIT, AMOTL1, SRC, CALCA, MARVELD3, GATA3, FAT2, SERPINE1, DAB2IP, PTPRM, MET, PTPRR, MYH9, PRKCE, GRHL2, FOXP1, CORO1C, 
PRKD1, CDH13, NOTCH1, PLCG1, VEGFA, STC1, KLF4 
1.656284178 1 0.152896608 24.62346675 
GO:0034968~histone lysine methylation 14 1.026392962 0.014165309 ASXL2, KMT2D, ARID4A, ARID4B, SMAD4, WHSC1, SIRT1, PHF19, RTF1, KDM4C, BAZ2A, NSD1, KMT5B, SUPT6H 2.11813265 1 0.153132702 24.69186312 
GO:0034330~cell junction organization 23 1.686217009 0.014312254 
GJD3, ROCK1, MYO1C, PRKCH, PIP5K1A, GRHL2, MYADM, SNAI1, SRC, VCL, NUMBL, CORO1C, ACE, HNF4A, ANK2, PVRL1, MARVELD3, BCL2, VEGFA, PKP4, 
CNTNAP1, NEDD4L, CSF1R 1.721957618 1 0.154385717 24.91467696 
GO:0009185~ribonucleoside diphosphate 
metabolic process 13 0.953079179 0.014428111 ALDOA, LDHA, TP53, AK3, HK1, SIRT6, AK4, PFKM, CBFA2T3, AK9, DLG3, MYC, HTR2A 2.195539491 1 0.155323868 25.08990909 
GO:0016032~viral process 27 1.979472141 0.014438885 
PVR, RNASEL, CHMP3, DAG1, VPS37B, TRIM10, RAB43, PVRL1, ATG5, MDFIC, BCL2, PVRL2, CHD1, VPS4A, LTF, MYC, TP53, AXL, LEF1, TRIM62, USF1, 
TRIM21, PPIE, NOTCH1, HDAC1, NEDD4, TRIM32 1.633988044 1 0.155214252 25.10618428 
GO:0050673~epithelial cell proliferation 38 2.785923754 0.014453297 
RAP1GAP, PGF, STRAP, KIT, SIDT2, LGR4, CALCA, PPP1R16B, OVOL2, XBP1, PEX2, BCL11B, GATA3, MARVELD3, WDR77, TGFA, MYC, AGAP2, TWIST2, 
DAB2IP, PTPRM, MAP2K1, CDK6, GAS1, SIRT1, FOXP1, FOXP2, PRKD1, CDKN1C, NOTCH2, CDH13, CCND1, NOTCH1, ADK, VEGFA, ATPIF1, AREG, IGFBP3 1.491688785 1 0.155141075 25.12795069 
GO:0048017~inositol lipid-mediated 
signaling 17 1.246334311 0.014594483 DAB2IP, PI4KB, HGF, GPR143, SIRT1, IRS1, XBP1, NEDD4, GATA3, PDGFRA, PDGFRB, RELN, AGAP2, KLF4, PIK3R2, HTR2A, CSF1R 1.929013664 1 0.156323929 25.34086611 
GO:0061448~connective tissue 
development 28 2.052785924 0.014704441 
ZEB1, AMER1, AP1S2, ITGB8, XBP1, PAX7, FBXW4, TGFBI, MKX, RARB, AXIN2, SH3PXD2B, BMP3, TBL1XR1, SATB2, ESRRA, HYAL3, LMNA, CREB5, SNAI1, 
WNT2B, MYCN, BBS1, NOTCH1, TRPS1, MEX3C, PDGFRB, STC1 1.613815353 1 0.157193418 25.50628858 
GO:0051591~response to cAMP 18 1.319648094 0.014782364 LDHA, SLC6A3, CFTR, FOSB, IL6R, PPARGC1B, INHBB, THBD, HNF4A, RPL13A, BCL2, SERPINE1, EEF2K, AKAP6, STC1, AREG, FOSL1, HCN3 1.880849548 1 0.15774388 25.62330712 
GO:0035113~embryonic appendage 
morphogenesis 
18 1.319648094 0.014782364 RECK, HNF1A, HOXA13, SMAD4, LEF1, AFF3, SKI, GAS1, GRHL2, MYCN, NOTCH2, NOTCH1, DKK1, ECE1, HDAC1, FBXW4, RARB, LRP4 1.880849548 1 0.15774388 25.62330712 
GO:0030326~embryonic limb 
morphogenesis 
18 1.319648094 0.014782364 RECK, HNF1A, HOXA13, SMAD4, LEF1, AFF3, SKI, GAS1, GRHL2, MYCN, NOTCH2, NOTCH1, DKK1, ECE1, HDAC1, FBXW4, RARB, LRP4 1.880849548 1 0.15774388 25.62330712 
GO:0007249~I-kappaB kinase/NF-kappaB 
signaling 
26 1.906158358 0.014851621 
ZMYND11, SLC44A2, PPM1A, TNFSF14, NFKBIA, FKBP1A, RORA, IRAK4, LTF, DAB2IP, ROCK1, EDAR, PRKCE, SIRT1, TRIM62, PRKCB, PRKD1, IKBKE, PRKCQ, 
ZDHHC17, UACA, HDAC1, TRIM32, IRF1, MAP3K14, ERC1 
1.649051496 1 0.158207153 25.72716432 
GO:0006338~chromatin remodeling 15 1.099706745 0.014858011 SATB1, SATB2, HNF1A, TNRC18, MTA2, PADI2, TNP1, HDAC1, GATA3, PAX7, GATAD2B, CHD1, ACTR8, BAZ2A, MYC 2.036122174 1 0.158051554 25.7367399 
GO:0097479~synaptic vesicle localization 15 1.099706745 0.014858011 SYT1, STX1A, CPLX2, SNCA, TH, SYNJ1, AP3S2, PCLO, RIMS4, RIMS3, AP1S2, TRIM9, TOR1A, ADGRL1, VAMP2 2.036122174 1 0.158051554 25.7367399 
GO:0050900~leukocyte migration 29 2.126099707 0.014921517 CCR1, MITF, KITLG, TNFSF14, KIT, CXCL11, CXCL10, IRAK4, CALCA, CCL22, GATA3, SERPINE1, PDE4B, PLCB1, SELPLG, MTUS1, ABR, ROCK1, SWAP70, PODXL, 
TP53, PADI2, DOCK8, DAPK2, RPL13A, LYST, CXCL16, VEGFA, TREM1 
1.595476542 1 0.15845648 25.83184044 
GO:0043065~positive regulation of 
apoptotic process 
54 3.958944282 0.015016521 
LDHA, PPARG, SNCA, PDCD4, PTGIS, PRMT2, RARB, NQO1, FOSL1, MYC, CASP2, RET, DAB2IP, ANP32B, CYCS, TP53, RAD9A, INHBB, NCOA1, PLA2G6, 
PDGFRB, ATPIF1, CLIP3, ING3, HOXA13, ADAMTSL4, SOX4, SRC, PEA15, MOAP1, ACE, XBP1, BCL6, NFATC4, INPP5D, BMF, HIP1, MUC2, DNM1L, CREB1, 
RNPS1, MAL, SIRT1, TP73, NOTCH2, EI24, NOTCH1, UACA, CSRNP3, HDAC1, TRPS1, SMPD1, IGFBP3, TP53INP1 
1.378408192 1 0.159168176 25.97389408 
GO:0060749~mammary gland alveolus 
development 6 0.439882698 0.015033055 CCND1, PRLR, VEGFA, TGFA, AREG, AGAP2 3.961183138 1 0.159111107 25.99858969 
GO:1904376~negative regulation of 
protein localization to cell periphery 6 0.439882698 0.015033055 PID1, PPP2R5A, PPFIA1, RHOQ, LYPLAL1, TMBIM1 3.961183138 1 0.159111107 25.99858969 
GO:0061377~mammary gland lobule 
development 6 0.439882698 0.015033055 CCND1, PRLR, VEGFA, TGFA, AREG, AGAP2 3.961183138 1 0.159111107 25.99858969 
GO:0017085~response to insecticide 6 0.439882698 0.015033055 INHBB, PDXK, SCN2B, TH, NR4A2, RELN 3.961183138 1 0.159111107 25.99858969 
GO:1903077~negative regulation of 
protein localization to plasma membrane 
6 0.439882698 0.015033055 PID1, PPP2R5A, PPFIA1, RHOQ, LYPLAL1, TMBIM1 3.961183138 1 0.159111107 25.99858969 
GO:1903170~negative regulation of 
calcium ion transmembrane transport 
6 0.439882698 0.015033055 CRHR1, DRD2, PLN, FKBP1A, ATP1A2, FKBP1B 3.961183138 1 0.159111107 25.99858969 
GO:0016055~Wnt signaling pathway 37 2.712609971 0.015256635 
LZTS2, PPP2R3A, DRD2, MITF, PPM1A, CTNND2, CTNND1, SOX4, AMOTL2, SRC, LGR4, WNT1, AMER1, RSPO1, GATA3, TNKS, BCL9L, NFATC4, AXIN2, MYC, 
DISC1, MLLT3, TBL1XR1, DIXDC1, DAB2IP, CSNK1G1, SIX3, LEF1, WNT2B, NOTCH1, CCND1, DKK1, HDAC1, WNT9B, GRK6, LRP4, KLF4 
1.492779201 1 0.161071409 26.33176961 
GO:0006955~immune response 97 7.11143695 0.015317091 
OPRM1, PVR, VTCN1, SNCA, PPARG, TNFSF14, JAG1, RORA, CXCL11, FES, PNP, LGR4, CXCL10, NLRC5, TMEM173, ATG5, TKFC, GATA3, PDE4B, LTF, MS4A2, 
KLRD1, MYC, PAG1, KDM5D, IRAK2, DBNL, DAB2IP, ATG9A, GBP5, FLOT2, TP53, PRKCH, LEF1, DLL1, NFAM1, PRKCE, PRKCB, PRKD1, CRHR1, PRKCQ, RELT, 
UBE2K, LYST, VEGFA, TRIM32, PLA2G6, VAMP2, TREM1, MAP3K14, SUPT6H, FRK, CPLX2, DRD2, CCR1, UNG, CALCOCO2, NFKBIA, CACNB3, SNX4, KIT, 
BDKRB2, TRIM10, SRC, GCH1, CALCA, ALCAM, CCL22, XBP1, BCL2, PVRL2, BCL6, INPP5D, SEC61A1, CSF1R, CR2, ABR, SWAP70, IL1RN, AXL, WHSC1, FOXP3, 
SIRT1, TRIM62, FOXP1, TRIM21, NOTCH2, IKBKE, NOTCH1, PLCG1, RPL13A, NEDD4, CXCL16, P2RY14, IRF1, IRF4, TRAFD1 
1.253434878 1 0.161438591 26.42161646 
GO:0090316~positive regulation of 
intracellular protein transport 
28 2.052785924 0.015420691 DPH6, ABLIM3, XPO4, ATG13, PPM1A, PPP3R1, TNFSF14, OAZ2, TMEM173, NMUR1, ANK3, XBP1, RAB29, PIK3R2, ELMOD1, CNST, ANP32B, MYO1C, 
ZDHHC8, LRRC46, SMAD4, EDAR, CDKL2, PRKCQ, UACA, KCNN3, AKAP6, VAMP2 
1.607436636 1 0.162222774 26.57534041 
GO:0043069~negative regulation of 78 5.718475073 0.015503938 FAM175B, MITF, SNCA, TNFSF14, ITSN1, PDCD4, WNT1, ATG5, MYOCD, GATA3, SERPINE1, EEF2K, CREB3L1, TGFA, SLC25A27, RARB, NQO1, RNF34, AGAP2, 1.291788344 1 0.162807186 26.69864369 
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programmed cell death MYC, TWIST2, PGAP2, PDXK, ROCK1, ANP32B, TP53, LEF1, PRKCH, DLL1, PRKCE, PRKCQ, MAP4K4, VEGFA, TRIM32, MNT, SERPINB2, PDGFRB, PSME3, 
MDM4, FAIM2, GLP1R, ZMYND11, SYVN1, PAFAH2, UNG, KITLG, HK1, BDKRB2, KIT, SRC, PEA15, XBP1, BCL2, BCL11B, BCL6, AGO4, BMF, CSF1R, IL2RB, 
NOS1, MET, IL1RN, ASIC2, NR4A2, LMNA, AXL, GAS1, DOCK8, HGF, TMBIM1, SNAI1, SIRT1, TP73, FOXP1, NOTCH1, DLX1, HDAC1, KLF4 
GO:0006936~muscle contraction 29 2.126099707 0.015659439 
CAV3, ALDOA, DRD2, MRVI1, FKBP1A, BDKRB2, HSBP1, FKBP1B, TPCN2, CALCA, ANK2, MYOCD, NMUR1, PDE4B, GUCY1A3, NEDD4L, NOS1, SCN2B, 
MAP2K1, MET, RAP1GDS1, ATP1A2, PLN, TMOD2, PLA2G6, AKAP6, STC1, ADRA1D, HTR2A 
1.589455875 1 0.164086552 26.92843954 
GO:0022029~telencephalon cell migration 11 0.806451613 0.015723466 NRP2, DIXDC1, DAB2IP, DRD2, FOXG1, CNTN2, SOCS7, RELN, DCX, DISC1, SRGAP2 2.384592834 1 0.164480376 27.02285765 
GO:1903115~regulation of actin filament-
based movement 9 0.659824047 0.015760476 CAV3, ANK2, SCN2B, PLN, PDE4B, AKAP6, STC1, NEDD4L, ATP1A2 2.723313407 1 0.164613305 27.07738245 
GO:0007528~neuromuscular junction 
development 9 0.659824047 0.015760476 CALCA, NEDD4, ANK3, CACNB1, CACNB3, KY, CACNG2, CACNA2D2, LRP4 2.723313407 1 0.164613305 27.07738245 
GO:0046782~regulation of viral 
transcription 8 0.586510264 0.015828891 NOTCH1, HDAC1, MDFIC, TRIM32, LEF1, CHD1, TRIM62, TRIM21 2.97935142 1 0.165047084 27.17807171 
GO:0030857~negative regulation of 
epithelial cell differentiation 8 0.586510264 0.015828891 S1PR3, CCND1, NOTCH1, OVOL2, DLL1, ZEB1, GRHL2, FOXP1 2.97935142 1 0.165047084 27.17807171 
GO:1903531~negative regulation of 
secretion by cell 23 1.686217009 0.015965639 
OPRM1, NOS1, ABR, SRCIN1, DRD2, IL1RN, SNCA, PPARG, FGF23, FOXP3, SIRT1, IRS1, FKBP1B, LGR4, INHBB, CRHR1, MAP4K4, NOTCH1, UCN2, CRY2, 
HDAC1, TRIM9, GRM7 1.704386622 1 0.166133302 27.37893585 
GO:0009150~purine ribonucleotide 
metabolic process 
43 3.152492669 0.01642436 
CALCR, ALDOA, OPRM1, LDHA, PFKFB3, DRD2, ADCY5, LHCGR, SNCA, HK1, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, CXCL10, CALCA, ECE1, PDE4B, DLG3, 
GUCY1A3, MYC, PID1, NOS1, CYCS, NDUFC2, AK3, TP53, SIRT6, AK4, ATP1A2, PFKM, AMPD2, AK9, CRHR1, UCN2, ADK, SDHC, GRM7, MC2R, AKAP6, HTR2C, 
HTR2A 
1.435739176 1 0.170281741 28.04889674 
GO:0032438~melanosome organization 5 0.366568915 0.016484165 KIF13A, TRAPPC6A, LYST, RAB29, GPR143 4.841446058 1 0.170621071 28.13580824 
GO:0046033~AMP metabolic process 5 0.366568915 0.016484165 ADK, AK3, AK4, AMPD2, AK9 4.841446058 1 0.170621071 28.13580824 
GO:0050872~white fat cell differentiation 5 0.366568915 0.016484165 TBL1XR1, PPARG, PER2, SIRT1, NCOR2 4.841446058 1 0.170621071 28.13580824 
GO:0090183~regulation of kidney 
development 10 0.73313783 0.0168606 RET, FAT4, GATA3, VEGFA, WNT9B, PDGFRB, LIN28A, MYC, LGR4, WNT2B 2.504196237 1 0.1739541 28.68057522 
GO:0010631~epithelial cell migration 25 1.832844575 0.016880116 
ARSB, STRAP, KIT, AMOTL1, SRC, CALCA, MARVELD3, GATA3, FAT2, SERPINE1, DAB2IP, PTPRM, MET, PTPRR, PRKCE, MYH9, FOXP1, CORO1C, PRKD1, 
CDH13, NOTCH1, PLCG1, VEGFA, STC1, KLF4 1.650492974 1 0.173905974 28.70871225 
GO:0019693~ribose phosphate metabolic 
process 
45 3.299120235 0.016880938 
CALCR, ALDOA, OPRM1, LDHA, PFKFB3, DRD2, ADCY5, LHCGR, SNCA, PGD, HK1, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, CXCL10, CALCA, ECE1, PDE4B, 
DLG3, GUCY1A3, UCK2, MYC, PID1, NOS1, CYCS, NDUFC2, AK3, TP53, SIRT6, AK4, ATP1A2, PFKM, AMPD2, AK9, CRHR1, UCN2, ADK, SDHC, GRM7, MC2R, 
AKAP6, HTR2C, HTR2A 
1.417777045 1 0.173681929 28.70989658 
GO:0030097~hemopoiesis 72 5.278592375 0.016978428 
ARID4A, MITF, PPARG, JAG1, RORA, ZEB1, FES, CBFA2T3, TPD52, PNP, WNT1, ATG5, GATA3, RRAS, MYC, TWIST2, RBFOX2, SATB1, HERC6, TP53, LEF1, DLL1, 
CDK6, NFAM1, MYH9, PPARGC1B, FARP2, GPR55, VEGFA, PDGFRA, PDGFRB, NFE2L1, ATPIF1, ATXN1L, ADD2, CALCR, CLDN18, CCR1, NFKBIA, KITLG, SOX4, 
KIT, TRIM10, SRC, CALCA, ACE, XBP1, BCL2, BCL11B, BCL6, INPP5D, CSF1R, THPO, ASXL2, ESRRA, ZBTB46, CR2, CREB1, AXL, ROGDI, FOXP3, FOXP1, WNT2B, 
CDKN1C, NOTCH2, NOTCH1, PKNOX1, IRF1, IRF4, TOB2, KLF4, RNF41 
1.302306785 1 0.174367392 28.85028593 
GO:0009259~ribonucleotide metabolic 
process 44 3.225806452 0.017057372 
CALCR, ALDOA, OPRM1, LDHA, PFKFB3, DRD2, ADCY5, LHCGR, SNCA, HK1, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, CXCL10, CALCA, ECE1, PDE4B, DLG3, 
GUCY1A3, UCK2, MYC, PID1, NOS1, CYCS, NDUFC2, AK3, TP53, SIRT6, AK4, ATP1A2, PFKM, AMPD2, AK9, CRHR1, UCN2, ADK, SDHC, GRM7, MC2R, AKAP6, 
HTR2C, HTR2A 
1.423320445 1 0.174876451 28.96377624 
GO:0045639~positive regulation of 
myeloid cell differentiation 
13 0.953079179 0.017104604 ASXL2, CREB1, CCR1, KITLG, LEF1, JAG1, FES, PPARGC1B, CALCA, NOTCH2, INPP5D, THPO, CSF1R 2.145640866 1 0.175086894 29.03159555 
GO:0060021~palate development 13 0.953079179 0.017104604 SATB2, ACVR2B, ANP32B, BNC2, PDGFRA, WNT9B, SMAD4, LEF1, SKI, GAS1, SNAI1, MMP25, EPHB2 2.145640866 1 0.175086894 29.03159555 
GO:0046888~negative regulation of 
hormone secretion 
13 0.953079179 0.017104604 CRHR1, INHBB, MAP4K4, UCN2, CRY2, NOS1, HDAC1, DRD2, PPARG, FGF23, SIRT1, IRS1, FKBP1B 2.145640866 1 0.175086894 29.03159555 
GO:0030203~glycosaminoglycan 
metabolic process 
13 0.953079179 0.017104604 HYAL3, NDST1, CHST3, HGF, GLCE, HS2ST1, EGFLAM, XYLT1, CHST12, VEGFA, DSEL, PDGFRB, CHST13 2.145640866 1 0.175086894 29.03159555 
GO:0001823~mesonephros development 15 1.099706745 0.017264718 RET, PGF, SMAD4, CALB1, LGR4, HS2ST1, WNT2B, WNT1, FAT4, BCL2, GATA3, VEGFA, WNT9B, RARB, MYC 1.998762134 1 0.176351252 29.26104013 
GO:0051937~catecholamine transport 11 0.806451613 0.017334802 CRHR1, STX1A, RAB3B, DRD2, KCNA2, SLC6A3, TOR1A, SNCA, NAT8L, HTR2A, PRKCB 2.349525293 1 0.176771628 29.36124858 
GO:0034103~regulation of tissue 
remodeling 
11 0.806451613 0.017334802 CALCR, CALCA, CLDN18, ABR, VEGFA, TP53, INPP5D, TMBIM1, PPARGC1B, CSF1R, SUCO 2.349525293 1 0.176771628 29.36124858 
GO:0000077~DNA damage checkpoint 12 0.879765396 0.017370874 PEA15, CCND1, XPC, TP53, SOX4, RAD9B, DGKZ, RAD9A, CASP2, CLOCK, FOXN3, TP73 2.234513565 1 0.176874199 29.4127729 
GO:0043068~positive regulation of 
programmed cell death 
54 3.958944282 0.017388979 
LDHA, PPARG, SNCA, PDCD4, PTGIS, PRMT2, RARB, NQO1, FOSL1, MYC, CASP2, RET, DAB2IP, ANP32B, CYCS, TP53, RAD9A, INHBB, NCOA1, PLA2G6, 
PDGFRB, ATPIF1, CLIP3, ING3, HOXA13, ADAMTSL4, SOX4, SRC, PEA15, MOAP1, ACE, XBP1, BCL6, NFATC4, INPP5D, BMF, HIP1, MUC2, DNM1L, CREB1, 
RNPS1, MAL, SIRT1, TP73, NOTCH2, EI24, NOTCH1, UACA, CSRNP3, HDAC1, TRPS1, SMPD1, IGFBP3, TP53INP1 
1.366401152 1 0.176809539 29.43862047 
GO:0090288~negative regulation of 
cellular response to growth factor stimulus 
16 1.173020528 0.017667092 DAB2IP, STRAP, ONECUT2, TP53, PPM1A, SKI, SIRT1, GREM2, TMPRSS6, WNT1, NOTCH1, PEG10, DKK1, NEDD4, GATA3, BCL9L 1.936578423 1 0.179154585 29.83453831 
GO:0044764~multi-organism cellular 
process 
28 2.052785924 0.017737763 
PVR, RNASEL, CHMP3, DAG1, VPS37B, TRIM10, RAB43, ATG5, PVRL1, TKFC, MDFIC, BCL2, PVRL2, CHD1, VPS4A, LTF, MYC, AXL, TP53, LEF1, TRIM62, USF1, 
TRIM21, PPIE, NOTCH1, HDAC1, NEDD4, TRIM32 
1.588599488 1 0.17957274 29.93480805 
GO:0007050~cell cycle arrest 17 1.246334311 0.017882538 DAB2IP, MAP2K1, TP53, SOX4, TP73, MFN2, CDKN1C, NOTCH2, BRINP1, CCND1, UHRF2, TBRG1, IRF1, MDM4, MYC, CASP2, TP53INP1 1.884837778 1 0.180672497 30.13979411 
GO:0051650~establishment of vesicle 
localization 
19 1.392961877 0.017887222 SYT1, CPLX2, STX1A, MAP2K1, SYNJ1, SNCA, TH, AP3S2, GPR143, PCLO, RIMS4, RIMS3, KIF13A, AP1S2, TRIM9, TOR1A, SEC16A, ADGRL1, VAMP2 1.803675982 1 0.180479629 30.14641678 
GO:0010977~negative regulation of 
neuron projection development 
18 1.319648094 0.017946206 GFAP, ADCY5, MBP, EPHB2, MAP4K4, EPHA4, SEMA6A, FAT3, SEMA4F, XYLT1, RAB29, SEMA3E, SEMA4C, ANP32A, SEMA4B, NFATC4, TLX2, LRP4 1.841113289 1 0.180786185 30.22975974 
GO:0051153~regulation of striated muscle 
cell differentiation 
14 1.026392962 0.017983392 CAV3, TNFSF14, FOXP1, CXCL10, NOTCH1, DKK1, ANKRD23, MYOCD, HDAC1, XBP1, BCL2, TRIM32, AKAP6, NEK5 2.053946812 1 0.180891882 30.28225468 
GO:0061647~histone H3-K9 modification 8 0.586510264 0.018080453 ARID4A, GATA3, ARID4B, SMAD4, KDM4C, SIRT6, SIRT1, BAZ2A 2.904867635 1 0.181545421 30.41909842 
GO:0070741~response to interleukin-6 8 0.586510264 0.018080453 PID1, PTGIS, MET, GAB1, SMAD4, FGF23, IL6R, SELPLG 2.904867635 1 0.181545421 30.41909842 
GO:0031571~mitotic G1 DNA damage 
checkpoint 
6 0.439882698 0.018146739 CCND1, TP53, SOX4, DGKZ, CASP2, TP73 3.788957784 1 0.181915549 30.512406 
GO:1900078~positive regulation of cellular 
response to insulin stimulus 
6 0.439882698 0.018146739 RNASEL, ESRRA, MARCKS, SIRT1, IRS1, SRC 3.788957784 1 0.181915549 30.512406 
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GO:0090312~positive regulation of protein 
deacetylation 6 0.439882698 0.018146739 PRKD1, VEGFA, TP53, BCL6, SIRT1, NCOR2 3.788957784 1 0.181915549 30.512406 
GO:0042423~catecholamine biosynthetic 
process 6 0.439882698 0.018146739 GATA3, SLC6A3, TH, SNCA, NR4A2, GCH1 3.788957784 1 0.181915549 30.512406 
GO:1901984~negative regulation of 
protein acetylation 6 0.439882698 0.018146739 ATG5, HDAC1, SNCA, ANP32A, FOXP3, SIRT1 3.788957784 1 0.181915549 30.512406 
GO:0009713~catechol-containing 
compound biosynthetic process 6 0.439882698 0.018146739 GATA3, SLC6A3, TH, SNCA, NR4A2, GCH1 3.788957784 1 0.181915549 30.512406 
GO:0048771~tissue remodeling 21 1.539589443 0.018506106 
CALCR, CLDN18, HNF1A, ABR, NCDN, MITF, AXL, JAG1, TMBIM1, SRC, LGR4, PPARGC1B, CALCA, NOTCH2, ACVR2B, ATG5, GPR55, VEGFA, INPP5D, SUCO, 
CSF1R 1.733017623 1 0.184953045 31.01620499 
GO:0001952~regulation of cell-matrix 
adhesion 13 0.953079179 0.018575135 CORO1C, CDH13, PLET1, ROCK1, BCL2, SERPINE1, VEGFA, ONECUT2, SEMA3E, BCL6, CDK6, SRC, DISC1 2.121532542 1 0.185340859 31.11257897 
GO:0007416~synapse assembly 16 1.173020528 0.018930145 DBNL, PTPRD, NRXN2, DRD2, GLRA3, SDK2, ASIC2, BSN, PCLO, EPHB2, SLITRK4, LRRTM2, EEF2K, RELN, ADGRL1, LRP4 1.920573643 1 0.188314194 31.60620713 
GO:2000736~regulation of stem cell 
differentiation 
16 1.173020528 0.018930145 DAB2IP, GCNT2, STRAP, SMAD4, DAG1, LEF1, MSTN, JAG1, TRIM62, SNAI1, NOTCH1, OVOL2, PDGFRA, KDM4C, BCL9L, AXIN2 1.920573643 1 0.188314194 31.60620713 
GO:0018108~peptidyl-tyrosine 
phosphorylation 
33 2.419354839 0.019005435 
FRK, SRCIN1, PEAK1, CTNND1, HK1, KITLG, KIT, FES, SRC, EPHB2, ACE, TGFA, EHD4, CSF1R, UNC119, RET, MAP2K1, MET, AXL, TP53, SOCS4, HGF, IL6R, 
EPHA4, HDAC1, HNF4A, VEGFA, IRF1, PDGFRA, PDGFRB, RELN, LRP4, HTR2A 
1.511997349 1 0.188751231 31.71046215 
GO:1900076~regulation of cellular 
response to insulin stimulus 
11 0.806451613 0.019064764 PID1, PRKCQ, RNASEL, ESRRA, PPARG, MSTN, MARCKS, SIRT1, IRS1, SRC, PRKCB 2.315474201 1 0.189043211 31.79250975 
GO:0008593~regulation of Notch signaling 
pathway 
11 0.806451613 0.019064764 WNT1, DLX1, NOTCH1, OVOL2, TSPAN33, TSPAN14, NFKBIA, DLL1, BCL6, KIT, JAG1 2.315474201 1 0.189043211 31.79250975 
GO:1900181~negative regulation of 
protein localization to nucleus 
11 0.806451613 0.019064764 CLDN18, LZTS2, DAB2IP, UACA, HNF4A, MDFIC, PPM1A, NFKBIA, AXIN2, SIRT1, PKIA 2.315474201 1 0.189043211 31.79250975 
GO:0060395~SMAD protein signal 
transduction 
11 0.806451613 0.019064764 INHBB, BMP3, JADE2, NCEH1, HNF1A, HNF4A, SMAD4, MSTN, SKI, BMP8B, BTBD11 2.315474201 1 0.189043211 31.79250975 
GO:1902806~regulation of cell cycle G1/S 
phase transition 
14 1.026392962 0.019414541 PID1, ANP32B, CTDSPL, TP53, SOX4, TP73, CCND1, PRMT2, PSME1, BCL2, DGKZ, CTDSP2, PLCB1, CASP2 2.033407344 1 0.19193988 32.27432556 
GO:0016236~macroautophagy 34 2.492668622 0.019541292 
SCN1A, CRNKL1, SLC6A1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, CALCB, ATG5, GMIP, STX17, PAFAH1B2, DNM1L, ATG9A, MAP2K1, ZDHHC8, 
MAP1A, TP53, CHST3, MSTN, WIPI2, ZCCHC17, SIRT1, FAM131B, KCNK3, TBC1D25, ATG4B, MEX3C, ATPIF1, TREM1, TP53INP2, TP53INP1 
1.496446963 1 0.192828293 32.4481247 
GO:0015850~organic hydroxy compound 
transport 
25 1.832844575 0.019583394 
SLC5A3, RAB3B, STX1A, HNF1A, NOS1, DRD2, SLC6A3, KCNA2, SNCA, NFKBIA, CFTR, SLC10A2, SIRT1, ABCG4, PRKCB, CRHR1, SLC16A1, XBP1, TOR1A, VPS4A, 
MYC, GPIHBP1, SCN4A, NAT8L, HTR2A 
1.628289033 1 0.192958385 32.50576076 
GO:0010812~negative regulation of cell-
substrate adhesion 
9 0.659824047 0.019879974 CORO1C, WNT1, NOTCH1, PLET1, GCNT2, SERPINE1, SEMA3E, BCL6, SRC 2.614380871 1 0.195352345 32.91044529 
GO:0035108~limb morphogenesis 20 1.46627566 0.019902071 RECK, HNF1A, HOXA13, SMAD4, SOX4, LEF1, AFF3, SKI, GAS1, GRHL2, MYCN, NOTCH2, NOTCH1, DKK1, ECE1, HDAC1, RNF165, FBXW4, RARB, LRP4 1.749920262 1 0.1953007 32.94050336 
GO:0035107~appendage morphogenesis 20 1.46627566 0.019902071 RECK, HNF1A, HOXA13, SMAD4, SOX4, LEF1, AFF3, SKI, GAS1, GRHL2, MYCN, NOTCH2, NOTCH1, DKK1, ECE1, HDAC1, RNF165, FBXW4, RARB, LRP4 1.749920262 1 0.1953007 32.94050336 
GO:0031223~auditory behavior 4 0.293255132 0.019926345 NRXN2, DRD2, CNTNAP2, FOXP2 6.45526141 1 0.195268503 32.97350919 
GO:0061085~regulation of histone H3-K27 
methylation 4 0.293255132 0.019926345 ASXL2, PHF19, GATA3, SUPT6H 6.45526141 1 0.195268503 32.97350919 
GO:0098773~skin epidermis development 13 0.953079179 0.020138205 FOXQ1, NOTCH1, DKK1, HDAC1, HPSE, TRPS1, BCL2, DLL1, EDAR, SNAI1, LRP4, LGR4, TMEM79 2.097959958 1 0.19689508 33.26092407 
GO:0050880~regulation of blood vessel 
size 
19 1.392961877 0.020164115 PTPRM, NOS1, MAP2K1, MRVI1, RAP1GDS1, CFTR, BDKRB2, SIRT1, GCH1, CALCA, ACE, ATG5, KCNJ8, SERPINF2, PLA2G6, GUCY1A3, HTR2C, ADRA1D, HTR2A 1.780402744 1 0.196875273 33.29599359 
GO:0051091~positive regulation of 
sequence-specific DNA binding 
transcription factor activity 
24 1.759530792 0.020181835 
IRAK2, CRTC1, PPARG, PRKCH, IL6R, KIT, NFAM1, TRIM62, TRIM21, PPARGC1B, PRKCB, PRKD1, PRKCQ, WNT1, MYOCD, TRIM32, VEGFA, NEUROD2, LTF, 
RELN, LRRFIP1, FOSL1, CLOCK, RNF41 
1.644264699 1 0.196783373 33.31996797 
GO:0002065~columnar/cuboidal epithelial 
cell differentiation 18 1.319648094 0.020329233 MITF, SOX4, KITLG, LEF1, BCCIP, CDK6, DLL1, JAG1, KIT, SIDT2, FOXP1, NOTCH1, CLIC5, BCL2, WDR77, SLC4A7, RARB, CUX1 1.815542272 1 0.197832089 33.5190741 
GO:0044723~single-organism 
carbohydrate metabolic process 
55 4.032258065 0.020352623 
SLC5A3, LDHA, TUSC3, NDST1, LHCGR, SYNJ1, PGD, SNCA, ALG6, CBFA2T3, HS2ST1, CHST10, TKFC, CHST12, B3GALNT1, CHST13, MYC, PIGZ, SOGA1, PHKG2, 
TP53, PFKM, PRKCE, IRS1, HNF4A, PGM1, ALDOA, SYVN1, MGAT5B, FUT9, GCNT2, GALNT7, FUT8, PFKFB3, HK1, ST8SIA3, SRC, GALM, GALNT10, PER2, 
IDH1, FUT1, TNKS, GPD2, MGAT4A, ARPP19, SIRT6, FUCA2, USF1, BRAT1, SIRT1, COG3, COG6, POFUT1, HTR2A 
1.349389526 1 0.197789004 33.55061773 
GO:0010518~positive regulation of 
phospholipase activity 
8 0.586510264 0.020547793 CALCR, GPR55, NMUR1, PDGFRA, MS4A2, PDGFRB, MARCKS, HTR2A 2.834017204 1 0.199250383 33.81326638 
GO:0043278~response to morphine 8 0.586510264 0.020547793 OPRM1, PEA15, PPP1R9B, GNAO1, PLCG1, DRD2, FOSB, PRKCE 2.834017204 1 0.199250383 33.81326638 
GO:0072078~nephron tubule 
morphogenesis 12 0.879765396 0.020673489 WNT1, PGF, FAT4, GATA3, BCL2, VEGFA, SMAD4, WNT9B, MYC, LGR4, WNT2B, HS2ST1 2.178650726 1 0.200099091 33.9818989 
GO:0018212~peptidyl-tyrosine 
modification 33 2.419354839 0.020723026 
FRK, SRCIN1, PEAK1, CTNND1, HK1, KITLG, KIT, FES, SRC, EPHB2, ACE, TGFA, EHD4, CSF1R, UNC119, RET, MAP2K1, MET, AXL, TP53, SOCS4, HGF, IL6R, 
EPHA4, HDAC1, HNF4A, VEGFA, IRF1, PDGFRA, PDGFRB, RELN, LRP4, HTR2A 1.502517742 1 0.200281133 34.04824502 
GO:0060411~cardiac septum 
morphogenesis 10 0.73313783 0.020724348 NOTCH2, NOTCH1, FGFRL1, HEYL, TP53, SOX4, WHSC1, RARB, JAG1, PARVA 2.420723029 1 0.200042983 34.05001574 
GO:1900273~positive regulation of long-
term synaptic potentiation 5 0.366568915 0.02080664 NOS1, DRD2, CREB1, CRTC1, RELN 4.538855679 1 0.200509303 34.16008791 
GO:0002320~lymphoid progenitor cell 
differentiation 
5 0.366568915 0.02080664 NOTCH1, GATA3, BCL2, SOX4, KIT 4.538855679 1 0.200509303 34.16008791 
GO:0051481~negative regulation of 
cytosolic calcium ion concentration 
5 0.366568915 0.02080664 OPRM1, NOS1, DRD2, ATP1A2, KCNK3 4.538855679 1 0.200509303 34.16008791 
GO:0048148~behavioral response to 
cocaine 
5 0.366568915 0.02080664 CRHR1, NOS1, DRD2, SNCA, HTR2A 4.538855679 1 0.200509303 34.16008791 
GO:0046324~regulation of glucose import 11 0.806451613 0.02091798 PID1, PEA15, RNASEL, ADIPOR2, RHOQ, MARCKS, SIRT6, SLC25A27, IRS1, MYC, GLP1R 2.282395999 1 0.20122603 34.3087382 
GO:0007517~muscle organ development 36 2.639296188 0.020976282 CAV3, FGFRL1, FKBP1A, MYT1, PLAGL1, DDX17, MYOCD, XBP1, BCL2, PAX7, BCL9L, JPH1, MYC, KMT5B, CSF1R, CREB1, MET, LMNA, AK3, FOXN2, LEF1, 1.468753298 1 0.201481228 34.38645047 
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MSTN, SIRT6, KY, RCAN1, SKI, DLL1, TP73, FOXP1, ZBTB42, FOXP2, NOTCH1, DKK1, SVIL, HEYL, AKAP6 
GO:0043066~negative regulation of 
apoptotic process 76 5.571847507 0.02097842 
FAM175B, MITF, SNCA, TNFSF14, ITSN1, PDCD4, WNT1, ATG5, MYOCD, GATA3, SERPINE1, EEF2K, CREB3L1, TGFA, SLC25A27, RARB, NQO1, RNF34, AGAP2, 
MYC, TWIST2, PGAP2, PDXK, ROCK1, ANP32B, TP53, LEF1, PRKCH, DLL1, PRKCE, PRKCQ, MAP4K4, VEGFA, TRIM32, MNT, SERPINB2, PDGFRB, PSME3, 
MDM4, FAIM2, GLP1R, ZMYND11, SYVN1, PAFAH2, UNG, KITLG, HK1, BDKRB2, SRC, PEA15, XBP1, BCL2, BCL11B, BCL6, AGO4, BMF, CSF1R, IL2RB, NOS1, 
IL1RN, ASIC2, NR4A2, LMNA, AXL, GAS1, DOCK8, HGF, TMBIM1, SNAI1, SIRT1, TP73, FOXP1, NOTCH1, DLX1, HDAC1, KLF4 
1.279084242 1 0.201250136 34.38929754 
GO:0010632~regulation of epithelial cell 
migration 
20 1.46627566 0.021062511 
ARSB, DAB2IP, PTPRM, STRAP, MET, PTPRR, PRKCE, AMOTL1, SRC, FOXP1, PRKD1, CORO1C, NOTCH1, PLCG1, MARVELD3, GATA3, VEGFA, SERPINE1, STC1, 
KLF4 
1.739441697 1 0.201727219 34.5012259 
GO:0051248~negative regulation of 
protein metabolic process 
91 6.671554252 0.021116861 
DYNC1LI1, CPEB2, SRCIN1, CTDSPL, CPEB3, SNCA, TNFSF14, PDCD4, WNT1, CRY2, ATG5, MYOCD, SERPINE1, ANP32A, DLG3, CTDSP2, SPRED1, RNF34, 
AGAP2, SAMD4A, PID1, RECK, DAB2IP, ANKS1A, ROCK1, FLOT2, RIMBP2, TP53, PTPRR, LEF1, SOCS4, PRKCE, MYADM, PKIA, PURB, INHBB, HNF4A, SERPINF2, 
SERPINB8, VEGFA, SERPINB2, MDM4, WFDC5, SUPT6H, CAV3, ZMYND11, RTN4RL1, STRAP, DAG1, SOX4, FKBP1A, BDKRB2, FKBP1B, SF3B3, SRC, PPP1R16B, 
CNOT6L, MARVELD3, PER2, LMTK3, MLLT1, INPP5D, AGO4, NOS1, CNST, SWAP70, FETUB, MET, PPP1R11, SMAD4, GAS1, HGF, FOXP3, SIRT1, TP73, TRIM21, 
CORO1C, CDKN1C, PPP1R9B, DUSP4, DKK1, CSRNP3, HDAC1, RPL13A, IRF1, SMPD1, KDM4C, SVIP, DNAJB2, IGFBP3, KLF4 
1.24690073 1 0.201946523 34.57347146 
GO:0001649~osteoblast differentiation 24 1.759530792 0.021207112 BMP3, SATB2, PDLIM7, LMNA, LEF1, FGF23, SKI, CDK6, JAG1, SNAI1, LGR4, PRKD1, NOTCH1, ACVR2B, VEGFA, LTF, CREB3L1, AREG, AXIN2, IGFBP3, FNDC3B, 
TWIST2, TP53INP2, SUCO 
1.636545146 1 0.202473983 34.69327059 
GO:0044783~G1 DNA damage checkpoint 6 0.439882698 0.021657407 CCND1, TP53, SOX4, DGKZ, CASP2, TP73 3.631084543 1 0.206084631 35.28788772 
GO:1901522~positive regulation of 
transcription from RNA polymerase II 
promoter involved in cellular response to 
chemical stimulus 
6 0.439882698 0.021657407 NCOA1, NOTCH1, XBP1, VEGFA, TP53, USF1 3.631084543 1 0.206084631 35.28788772 
GO:0031063~regulation of histone 
deacetylation 6 0.439882698 0.021657407 PRKD1, TRPS1, VEGFA, TP53, BCL6, FOXP3 3.631084543 1 0.206084631 35.28788772 
GO:0044819~mitotic G1/S transition 
checkpoint 6 0.439882698 0.021657407 CCND1, TP53, SOX4, DGKZ, CASP2, TP73 3.631084543 1 0.206084631 35.28788772 
GO:0016601~Rac protein signal 
transduction 6 0.439882698 0.021657407 DBNL, CDH13, STMN3, WASF1, ELMO1, FARP2 3.631084543 1 0.206084631 35.28788772 
GO:0042157~lipoprotein metabolic 
process 16 1.173020528 0.021661064 PGAP2, PIGZ, ZDHHC8, PPM1A, WIPI2, ZDHHC15, NMT2, ZDHHC23, ZDHHC17, ZDHHC16, ATG5, ATG4B, SVIP, LYPLAL1, CLIP3, MAP6D1 1.889344803 1 0.205863127 35.29269673 
GO:0046058~cAMP metabolic process 17 1.246334311 0.0217114 CALCR, OPRM1, DRD2, ADCY5, LHCGR, PDE11A, CXCL11, CXCL10, CALCA, CRHR1, ECE1, UCN2, GRM7, MC2R, PDE4B, AKAP6, GUCY1A3 1.842639917 1 0.206040447 35.35883979 
GO:0048814~regulation of dendrite 
morphogenesis 
13 0.953079179 0.021797032 EPHA4, PTPRD, SRCIN1, NEDD4, MET, EEF2K, MARCKS, NFATC4, RELN, CUX1, TLX2, RAB21, NUMBL 2.074905453 1 0.206517845 35.47121696 
GO:0007599~hemostasis 21 1.539589443 0.021819444 
F2RL2, METAP1, AXL, ASIC2, F8, STAB2, MYH9, FAM46A, TMPRSS6, VCL, PRKCQ, GP5, THBD, HNF4A, IL10RB, HPSE, SERPINF2, LYST, PROZ, SERPINE1, 
PDGFRA 
1.703972635 1 0.206456277 35.50059832 
GO:0003018~vascular process in 
circulatory system 
21 1.539589443 0.021819444 
NOS1, ABR, PTPRM, MAP2K1, MRVI1, RAP1GDS1, CFTR, BDKRB2, SIRT1, GCH1, CALCA, ACE, ATG5, KCNJ8, SERPINF2, VEGFA, PLA2G6, GUCY1A3, HTR2C, 
ADRA1D, HTR2A 
1.703972635 1 0.206456277 35.50059832 
GO:0016337~single organismal cell-cell 
adhesion 62 4.545454545 0.022084022 
PVR, METAP1, VTCN1, TNFSF14, RORA, ZEB1, PNP, VCL, CD47, WNT1, ATG5, ANK3, GATA3, PAG1, SATB1, RET, ROCK1, EFNB3, EFNB1, FLOT2, TP53, LEF1, 
CDK6, MYH9, MYADM, PRKCQ, ADK, VEGFA, PDGFRA, CNTN3, PLA2G2F, PARVA, GCNT2, RAP1GAP, CTNND2, CTNND1, SOX4, FKBP1A, KIT, FKBP1B, SRC, 
CALCA, PVRL1, XBP1, BCL2, BCL11B, BCL6, SELPLG, MAP2K1, SWAP70, PODXL, IL1RN, DOCK8, FOXP3, FOXP1, CDH13, PKNOX1, NEDD4, PKP4, IRF1, IRF4, 
KLF4 
1.316533577 1 0.208449127 35.84648999 
GO:0021795~cerebral cortex cell 
migration 
9 0.659824047 0.022203639 NRP2, DIXDC1, DAB2IP, FOXG1, SOCS7, RELN, DCX, DISC1, SRGAP2 2.563118501 1 0.209207473 36.00229139 
GO:0048839~inner ear development 24 1.759530792 0.022272398 
ABR, ANP32B, HOXA13, LRIG1, DLL1, ZEB1, JAG1, KCNK3, MYCN, EPHB2, WNT1, NOTCH1, ATG5, FAT4, CLIC5, MYO15A, GATA3, FOXG1, PDGFRA, PDGFRB, 
SLC4A7, SLC25A27, CUX1, FOXI1 
1.628897739 1 0.209534016 36.09168707 
GO:0072088~nephron epithelium 
morphogenesis 
12 0.879765396 0.022488095 WNT1, PGF, FAT4, GATA3, BCL2, VEGFA, SMAD4, WNT9B, MYC, LGR4, WNT2B, HS2ST1 2.151753803 1 0.211096691 36.37135083 
GO:0001775~cell activation 75 5.498533724 0.022537029 
METAP1, VTCN1, SNCA, TNFSF14, ZEB1, RORA, FES, TPD52, PNP, CXCL10, VCL, CD47, WNT1, GP5, ATG5, MYOCD, GATA3, SERPINE1, MS4A2, PLCB1, PAG1, 
SATB1, EFNB3, EFNB1, FLOT2, TP53, F8, LEF1, CDK6, DLL1, NFAM1, MYH9, PRKCE, PRKCB, CRHR1, PRKCQ, DGAT1, LYST, ADK, PDGFRA, PDGFRB, VAMP2, 
PLA2G2F, SUPT6H, CPLX2, UNG, SOX4, FKBP1A, SNX4, KIT, FKBP1B, XBP1, BCL2, BCL11B, PVRL2, BCL6, INPP5D, SELPLG, IL2RB, ABR, CR2, SWAP70, SMAD4, 
AXL, WHSC1, DOCK8, FOXP3, FOXP1, NOTCH2, PKNOX1, NEDD4, SLC7A2, IRF1, IRF4, RNF41 
1.277052008 1 0.211252633 36.43463536 
GO:0043549~regulation of kinase activity 65 4.765395894 0.022575158 
SRCIN1, PPP2R5A, SNCA, LPAR2, PDCD4, CCNE2, NLRC5, MYOCD, MDFIC, GAB1, LTF, TGFA, SPRED1, AGAP2, IRAK2, DAB2IP, CCDC88A, SOCS4, IL6R, IRS1, 
PKIA, ACVR2B, CCND1, MAP3K15, HNF4A, VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, CAV3, SNX9, GNAI2, RTN4RL1, DRD2, ATG13, KITLG, BCCIP, KIT, SRC, 
CALCA, ACE, ACSL1, MLLT1, AXIN2, CSF1R, PIK3R2, UNC119, MAP2K1, MET, IL1RN, MSTN, OXSR1, HGF, SIRT1, TP73, CORO1C, CDKN1C, EPHA4, DUSP4, 
PRLR, SMPD1, MARCKS, KLF4, HTR2A 
1.305784206 1 0.211317499 36.48390403 
GO:1903076~regulation of protein 
localization to plasma membrane 11 0.806451613 0.022898978 PID1, PPP1R9B, CNST, PPP2R5A, PPFIA1, VPS4A, RHOQ, LYPLAL1, CLIP3, TMBIM1, PIK3R2 2.250249576 1 0.213772189 36.90087499 
GO:1904375~regulation of protein 
localization to cell periphery 11 0.806451613 0.022898978 PID1, PPP1R9B, CNST, PPP2R5A, PPFIA1, VPS4A, RHOQ, LYPLAL1, CLIP3, TMBIM1, PIK3R2 2.250249576 1 0.213772189 36.90087499 
GO:0050807~regulation of synapse 
organization 16 1.173020528 0.023133128 DAB2IP, DRD2, ASIC2, EPHB2, SLITRK4, DKK1, PVRL1, NEDD4, LRRTM2, NEUROD2, EEF2K, NFATC4, RELN, ADGRL1, LRP4, DISC1 1.874108151 1 0.215467138 37.2007592 
GO:1902284~neuron projection extension 
involved in neuron projection guidance 8 0.586510264 0.023239989 NRP2, ALCAM, SEMA6A, SEMA4F, VEGFA, SEMA3E, SEMA4C, SEMA4B 2.766540604 1 0.21609722 37.33716968 
GO:0014072~response to isoquinoline 
alkaloid 8 0.586510264 0.023239989 OPRM1, PEA15, PPP1R9B, GNAO1, PLCG1, DRD2, FOSB, PRKCE 2.766540604 1 0.21609722 37.33716968 
GO:0072132~mesenchyme 
morphogenesis 8 0.586510264 0.023239989 NOTCH1, HNF1A, HEYL, SMAD4, LEF1, MDM4, SNAI1, MYC 2.766540604 1 0.21609722 37.33716968 
GO:0048846~axon extension involved in 
axon guidance 8 0.586510264 0.023239989 NRP2, ALCAM, SEMA6A, SEMA4F, VEGFA, SEMA3E, SEMA4C, SEMA4B 2.766540604 1 0.21609722 37.33716968 
GO:0042551~neuron maturation 8 0.586510264 0.023239989 CDKN1C, RET, BCL2, NTN4, CNTN2, NR4A2, CNTNAP2, FARP2 2.766540604 1 0.21609722 37.33716968 
GO:0003197~endocardial cushion 
development 
7 0.513196481 0.023354943 NOTCH1, NEDD4, HEYL, SMAD4, MDM4, JAG1, SNAI1 3.080920218 1 0.216792303 37.4835977 
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GO:0048147~negative regulation of 
fibroblast proliferation 7 0.513196481 0.023354943 DAB2IP, PEX2, TRIM32, PPARG, TP53, SKI, MYC 3.080920218 1 0.216792303 37.4835977 
GO:2001237~negative regulation of 
extrinsic apoptotic signaling pathway 13 0.953079179 0.023554784 PEA15, ZMYND11, BCL2, SERPINE1, VEGFA, LMNA, PSME3, HGF, GAS1, TMBIM1, RNF34, AGAP2, SRC 2.052352133 1 0.218187117 37.73738027 
GO:0006605~protein targeting 52 3.812316716 0.023561274 
DPH6, LHCGR, TNFSF14, PIP5K1A, PEX3, TMEM173, CRY2, ANK2, PEX2, NMUR1, ANK3, MDFIC, DAB2IP, ZDHHC8, SIX3, TP53, SRPRA, EDAR, CDKL2, PKIA, 
MYADM, MFN2, PRKCQ, HNF4A, ATG4B, AKAP6, ATPIF1, PACS1, ABLIM3, ATG13, DAG1, PPM1A, PPP3R1, CACNB1, NFKBIA, XBP1, CHM, BCL6, AXIN2, 
SEC61A1, PIK3R2, ELMOD1, SPRN, MYO1C, LMNA, SMAD4, LRRC46, SIRT1, UACA, NEDD4, KCNN3, SPCS2 
1.351101225 1 0.217980622 37.74560473 
GO:0015711~organic anion transport 38 2.785923754 0.023831847 
CALHM1, SLC16A14, HNF1A, SLC6A1, NFKBIE, SLC22A12, DRD2, ABCD1, LHCGR, PPARG, SNCA, BDKRB2, PEX3, SLC7A6, SLCO2A1, SLC16A1, ACE, ACSL1, 
SERINC1, PER2, SLC4A7, SLCO3A1, ACSL4, MYC, IL1RN, SLC6A14, SLC7A10, CFTR, SLC6A17, SLC10A2, PNPLA8, SLC7A2, GRM7, SLC26A9, PLA2G6, SLC38A1, 
HTR2C, SLC27A4 
1.437304298 1 0.219950582 38.08761004 
GO:0048588~developmental cell growth 23 1.686217009 0.024132578 NRP2, CAV3, SYT1, KMT2D, SIRT6, NRN1, RAPH1, VCL, ALCAM, SEMA6A, PRMT2, MYOCD, SEMA4F, MAPT, SEMA3E, VEGFA, MEX3C, SEMA4C, AKAP6, 
SEMA4B, NEDD4L, DCX, DISC1 
1.637547931 1 0.222158153 38.46564046 
GO:0032107~regulation of response to 
nutrient levels 
28 2.052785924 0.024218206 OPRM1, SLC6A1, CRNKL1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, CALCB, ATG5, GMIP, PAFAH1B2, DNM1L, MAP2K1, ZDHHC8, MAP1A, TP53, 
MSTN, CHST3, ZCCHC17, SIRT1, FAM131B, KCNK3, TBC1D25, MEX3C, ATPIF1, TREM1 
1.546317372 1 0.222596032 38.57287653 
GO:0032104~regulation of response to 
extracellular stimulus 
28 2.052785924 0.024218206 OPRM1, SLC6A1, CRNKL1, ATG13, HK1, CALCOCO2, PEX3, NR2C2, RIMS3, CALCB, ATG5, GMIP, PAFAH1B2, DNM1L, MAP2K1, ZDHHC8, MAP1A, TP53, 
MSTN, CHST3, ZCCHC17, SIRT1, FAM131B, KCNK3, TBC1D25, MEX3C, ATPIF1, TREM1 
1.546317372 1 0.222596032 38.57287653 
GO:0050708~regulation of protein 
secretion 
39 2.859237537 0.024408949 OPRM1, HNF1A, SRCIN1, DRD2, VTCN1, ADCY5, SYT9, SOX4, SIDT2, MYT1, FKBP1B, SRC, LGR4, SLC16A1, ATG5, XBP1, GATA3, GOLPH3L, PER2, CSF1R, 
DNM1L, NOS1, CFTR, PFKM, PRKCE, FOXP3, IRS1, SIRT1, FOXP1, INHBB, PRKCQ, MAP4K4, MYRIP, HDAC1, HNF4A, PLA2G6, CACNA1E, CLOCK, GLP1R 
1.426824153 1 0.223890663 38.81111569 
GO:0010771~negative regulation of cell 
morphogenesis involved in differentiation 
15 1.099706745 0.024574477 DAB2IP, STRAP, TRIM62, MBP, EPHB2, CORO1C, SEMA6A, OVOL2, SEMA4F, SEMA3E, SEMA4C, SEMA4B, NFATC4, TLX2, LRP4 1.911097128 1 0.224974791 39.01715045 
GO:0045600~positive regulation of fat cell 
differentiation 
9 0.659824047 0.024712414 ASXL2, SH3PXD2B, FNDC5, XBP1, CREB1, PPARG, HTR2C, FNDC3B, HTR2A 2.513827761 1 0.225830722 39.18833805 
GO:0007160~cell-matrix adhesion 20 1.46627566 0.024857011 PLET1, ROCK1, DAG1, ITGA10, CDK6, PIP5K1A, SRC, CORO1C, CDH13, GP5, SNED1, ITGB8, HPSE, BCL2, SEMA3E, VEGFA, SERPINE1, CNTN2, BCL6, DISC1 1.708745667 1 0.226737536 39.36730213 
GO:2001235~positive regulation of 
apoptotic signaling pathway 
20 1.46627566 0.024857011 RET, DAB2IP, DNM1L, TP53, MAL, RAD9A, SIRT1, TP73, INHBB, PEA15, MOAP1, EI24, TRPS1, PLA2G6, NFATC4, ATPIF1, MYC, CASP2, BMF, TP53INP1 1.708745667 1 0.226737536 39.36730213 
GO:0055013~cardiac muscle cell 
development 
11 0.806451613 0.025012169 CAV3, XIRP1, ATG5, MYOCD, SPEG, MET, VEGFA, PDGFRA, LMNA, AKAP6, PDGFRB 2.21899611 1 0.227726379 39.55877989 
GO:1903829~positive regulation of cellular 
protein localization 
33 2.419354839 0.025049374 
DPH6, ABLIM3, XPO4, ATG13, PPM1A, PPP3R1, TNFSF14, SRC, OAZ2, TMEM173, XBP1, NMUR1, ANK3, RAB29, PIK3R2, ELMOD1, CNST, MYO1C, ANP32B, 
ZDHHC8, LRRC46, SMAD4, EDAR, CDKL2, PRKCQ, PPP1R9B, UACA, KCNN3, VEGFA, AKAP6, CLIP3, VAMP2, LRP4 
1.47933074 1 0.227760182 39.60460877 
GO:0060291~long-term synaptic 
potentiation 
10 0.73313783 0.025187552 CRHR1, GFAP, NOS1, DRD2, CREB1, CRTC1, LRRTM2, SNCA, RELN, VAMP2 2.342635189 1 0.22860727 39.77452605 
GO:0006915~apoptotic process 132 9.677419355 0.025319532 
LDHA, SNCA, TNFSF14, ITSN1, WNT1, PTGIS, ATG5, MYOCD, UNC5A, GATA3, SERPINE1, CREB3L1, SLC25A27, RARB, RNF34, NQO1, TWIST2, DAB2IP, RET, 
PDXK, ROCK1, SIX3, RAD9A, DLL1, MAP4K4, RELT, TRIM32, VEGFA, MNT, PDGFRB, ATPIF1, CLIP3, GLP1R, SYVN1, HOXA13, PAFAH2, ADAMTSL4, SOX4, 
BDKRB2, SRC, PEA15, ACE, ECE1, BMF, CSF1R, HIP1, MUC2, IL1RN, NR4A2, RNPS1, GAS1, DOCK8, HGF, FOXP1, NOTCH2, IKBKE, EI24, NOTCH1, DLX1, UACA, 
CSRNP3, HDAC1, AKTIP, TRPS1, KLF4, FAM175B, SGPP1, MITF, PPARG, PDCD4, TMEM109, PRMT2, MAPT, CDIP1, EEF2K, TGFA, AGAP2, CASP2, FOSL1, MYC, 
PGAP2, ANP32B, CYCS, TP53, LEF1, PRKCH, DAPK2, PRKCE, PRKCB, PRKD1, INHBB, MFN2, PRKCQ, NCOA1, UBE2K, SERPINB2, PLA2G6, PSME3, MDM4, 
FAIM2, ZMYND11, ING3, UNG, HK1, KITLG, NPTX1, MOAP1, XBP1, BCL2, BCL11B, BCL6, NFATC4, INPP5D, AGO4, IL2RB, NOS1, DNM1L, CREB1, ASIC2, 
LMNA, AXL, MAL, TMBIM1, SNAI1, SIRT1, BRAT1, TP73, IRF1, SMPD1, IGFBP3, RNF41, TP53INP1 
1.184195577 1 0.22940154 39.93639707 
GO:0019058~viral life cycle 23 1.686217009 0.02534536 
PVR, RNASEL, CHMP3, AXL, VPS37B, LEF1, TRIM10, TRIM62, USF1, TRIM21, PPIE, NOTCH1, RAB43, ATG5, HDAC1, PVRL1, MDFIC, BCL2, PVRL2, TRIM32, 
LTF, VPS4A, CHD1 
1.629559893 1 0.229341724 39.96802656 
GO:0050817~coagulation 21 1.539589443 0.025571141 
F2RL2, METAP1, AXL, ASIC2, F8, STAB2, MYH9, FAM46A, TMPRSS6, VCL, PRKCQ, GP5, THBD, HNF4A, IL10RB, HPSE, SERPINF2, LYST, PROZ, SERPINE1, 
PDGFRA 
1.675885174 1 0.230882967 40.24384865 
GO:0030204~chondroitin sulfate 
metabolic process 
6 0.439882698 0.025581235 EGFLAM, XYLT1, CHST12, DSEL, CHST3, CHST13 3.485841161 1 0.230695798 40.25615085 
GO:0036120~cellular response to platelet-
derived growth factor stimulus 
6 0.439882698 0.025581235 CREB1, SERPINE1, PDGFRB, PRKCE, MYC, SRC 3.485841161 1 0.230695798 40.25615085 
GO:0061298~retina vasculature 
development in camera-type eye 
6 0.439882698 0.025581235 RHOJ, ACVR2B, VEGFA, PDGFRA, SLC4A7, PDGFRB 3.485841161 1 0.230695798 40.25615085 
GO:0007202~activation of phospholipase 
C activity 
5 0.366568915 0.025761549 CALCR, GPR55, NMUR1, MS4A2, HTR2A 4.271864168 1 0.231866658 40.47552138 
GO:0035067~negative regulation of 
histone acetylation 
5 0.366568915 0.025761549 ATG5, SNCA, ANP32A, FOXP3, SIRT1 4.271864168 1 0.231866658 40.47552138 
GO:0051582~positive regulation of 
neurotransmitter uptake 
3 0.219941349 0.025839536 RAB3B, DRD2, NAT8L 10.89325363 1 0.232219235 40.57016297 
GO:0032512~regulation of protein 
phosphatase type 2B activity 
3 0.219941349 0.025839536 AKAP6, FKBP1A, FKBP1B 10.89325363 1 0.232219235 40.57016297 
GO:0035023~regulation of Rho protein 
signal transduction 
14 1.026392962 0.026005108 ARHGEF3, PLEKHG2, ARHGEF33, ABR, GPR55, PDGFRB, BCL6, LPAR2, ARHGEF9, ITSN1, FGD6, FGD3, ALS2CL, FARP2 1.955199369 1 0.233266085 40.77062108 
GO:0007179~transforming growth factor 
beta receptor signaling pathway 
17 1.246334311 0.02613138 GCNT2, FUT8, STRAP, CREB1, ONECUT2, TP53, PPM1A, SMAD4, MSTN, SKI, SIRT1, SRC, CDKN1C, WNT1, PEG10, MYOCD, BCL9L 1.802290138 1 0.233997827 40.92306575 
GO:0007431~salivary gland development 8 0.586510264 0.026165579 XBP1, TFCP2L1, MET, DAG1, NTN4, CTNND1, EDAR, HGF 2.702202451 1 0.233999255 40.96429012 
GO:0008347~glial cell migration 8 0.586510264 0.026165579 EPHA4, DAB2IP, FOXG1, SOCS7, RELN, DCX, DISC1, SRGAP2 2.702202451 1 0.233999255 40.96429012 
GO:0046546~development of primary 
male sexual characteristics 
20 1.46627566 0.026230721 ARID4A, LHCGR, ARID4B, MET, HMGCS1, SMAD4, KITLG, KIT, WNT2B, INHBB, ACE, CCND1, NCOA1, GATA3, BCL2, EIF2S2, PDGFRA, GFRA1, AGO4, JMJD1C 1.698753003 1 0.234245041 41.04273684 
GO:0008584~male gonad development 20 1.46627566 0.026230721 ARID4A, LHCGR, ARID4B, MET, HMGCS1, SMAD4, KITLG, KIT, WNT2B, INHBB, ACE, CCND1, NCOA1, GATA3, BCL2, EIF2S2, PDGFRA, GFRA1, AGO4, JMJD1C 1.698753003 1 0.234245041 41.04273684 
GO:0055065~metal ion homeostasis 50 3.66568915 0.026277747 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, ANK3, MS4A2, SLC25A27, MYC, DISC1, RAP1GDS1, PRKCE, PRKCB, CRHR1, 
PRKD1, PGM1, PDGFRA, PLA2G6, AKAP6, STC1, GPR12, GLP1R, CAV3, CALCR, DRD2, CCR1, FKBP1A, BDKRB2, FKBP1B, TPCN2, CALCA, BCL2, SCNN1G, 
SLC31A2, NOS1, SWAP70, SMAD4, ATP1A2, TMPRSS6, KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.352359234 1 0.234347303 41.09930529 
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GO:0030048~actin filament-based 
movement 12 0.879765396 0.02646242 CAV3, ROCK1, ANK2, SCN2B, PLN, PDE4B, AKAP6, STC1, NEDD4L, ATP1A2, MYH9, PARVA 2.099904314 1 0.235532423 41.32095621 
GO:0003012~muscle system process 35 2.565982405 0.026490021 
CAV3, ALDOA, DRD2, MRVI1, FKBP1A, BDKRB2, HSBP1, FKBP1B, TPCN2, CALCA, ECE1, ANK2, MYOCD, NMUR1, PDE4B, GUCY1A3, NEDD4L, NOS1, SCN2B, 
MAP2K1, MET, RAP1GDS1, MSTN, ATP1A2, HSPB6, NEDD4, ADK, PLN, TMOD2, PLA2G6, AKAP6, STC1, KLF4, ADRA1D, HTR2A 1.452433817 1 0.235480097 41.35401579 
GO:0043434~response to peptide 
hormone 
44 3.225806452 0.026718399 
RNASEL, CPEB2, TH, PPARG, DAG1, NAP1L1, RHOQ, SRC, SLC2A8, WNT1, CRY2, XBP1, BCL2, SERPINE1, EEF2K, PLCB1, MYC, MTUS1, PIK3R2, PID1, ESRRA, 
SOGA1, NOS1, CREB1, MET, NR4A2, SOCS7, MSTN, CFTR, IL6R, USF1, IRS1, SIRT1, PRKCB, CRHR1, INHBB, PRKCQ, UCP3, PLN, IRF1, MARCKS, VAMP2, AREG, 
GLP1R 
1.383270302 1 0.237001498 41.62688227 
GO:1902692~regulation of neuroblast 
proliferation 
7 0.513196481 0.026761099 NOTCH1, DRD2, FOXG1, VEGFA, TP53, SIX3, DISC1 2.990304918 1 0.237065621 41.6777657 
GO:0033144~negative regulation of 
intracellular steroid hormone receptor 
signaling pathway 
7 0.513196481 0.026761099 CRY2, HDAC1, STRN3, HEYL, SIRT1, CLOCK, FOXP1 2.990304918 1 0.237065621 41.6777657 
GO:0086010~membrane depolarization 
during action potential 
7 0.513196481 0.026761099 CAV3, SCN1A, SCN2B, ANK3, CACNA1E, SCN4A, TPCN2 2.990304918 1 0.237065621 41.6777657 
GO:0010718~positive regulation of 
epithelial to mesenchymal transition 
7 0.513196481 0.026761099 NOTCH1, GCNT2, SMAD4, LEF1, BCL9L, AXIN2, SNAI1 2.990304918 1 0.237065621 41.6777657 
GO:0032970~regulation of actin filament-
based process 
33 2.419354839 0.027010527 CAV3, LIMA1, WASF1, PPFIA1, FES, ANK2, PDE4B, SEMA3E, NEDD4L, SYNPO, PIK3R2, CSF1R, DBNL, DIXDC1, CCDC88A, ROCK1, SCN2B, SWAP70, ATP1A2, 
MYH9, PRKCE, MYADM, GMFB, PRKCQ, ANKRD23, SERPINF2, PLEKHH2, PLN, TMOD2, AKAP6, PDGFRB, STC1, ADD2 
1.470255091 1 0.238742418 41.97415849 
GO:0003184~pulmonary valve 
morphogenesis 
4 0.293255132 0.027033388 NOTCH2, NOTCH1, HEYL, JAG1 5.809735269 1 0.23864963 42.00125292 
GO:0072102~glomerulus morphogenesis 4 0.293255132 0.027033388 NOTCH3, PDGFRA, CTNND1, PDGFRB 5.809735269 1 0.23864963 42.00125292 
GO:1902033~regulation of hematopoietic 
stem cell proliferation 
4 0.293255132 0.027033388 ACE, KITLG, ATXN1L, THPO 5.809735269 1 0.23864963 42.00125292 
GO:0003177~pulmonary valve 
development 
4 0.293255132 0.027033388 NOTCH2, NOTCH1, HEYL, JAG1 5.809735269 1 0.23864963 42.00125292 
GO:0097581~lamellipodium organization 11 0.806451613 0.027261828 ABLIM1, CORO1C, CDH13, WNT1, CCDC88A, WASF1, ABLIM3, KIT, SRC, SRGAP2, VCL 2.188598903 1 0.240154198 42.27133095 
GO:0051235~maintenance of location 26 1.906158358 0.027376399 KDELR3, JPH3, DRD2, LHCGR, PPARG, SNCA, DAG1, HK1, NFKBIA, FKBP1A, PRKCE, CXCL11, FKBP1B, CXCL10, TPCN2, DGAT1, CRY2, PLCG1, ANK2, ANK3, 
PLN, AKAP6, LDAH, HTR2C, GLP1R, HTR2A 
1.560466085 1 0.240770719 42.40633389 
GO:0001837~epithelial to mesenchymal 
transition 
13 0.953079179 0.027379449 DAB2IP, NOTCH1, GCNT2, OVOL2, STRAP, HEYL, PPP3R1, SMAD4, LEF1, BCL9L, AXIN2, TRIM62, SNAI1 2.008685066 1 0.240522675 42.40992379 
GO:0010517~regulation of phospholipase 
activity 
9 0.659824047 0.027412771 CALCR, GPR55, NMUR1, SNCA, PDGFRA, MS4A2, PDGFRB, MARCKS, HTR2A 2.466397048 1 0.240509199 42.44913009 
GO:0009712~catechol-containing 
compound metabolic process 
9 0.659824047 0.027412771 DRD2, GATA3, MAOA, SLC6A3, TH, SNCA, NR4A2, HTR2C, GCH1 2.466397048 1 0.240509199 42.44913009 
GO:0006584~catecholamine metabolic 
process 
9 0.659824047 0.027412771 DRD2, GATA3, MAOA, SLC6A3, TH, SNCA, NR4A2, HTR2C, GCH1 2.466397048 1 0.240509199 42.44913009 
GO:0010810~regulation of cell-substrate 
adhesion 
20 1.46627566 0.027661088 PLET1, GCNT2, ROCK1, ONECUT2, CDK6, PRKCE, MYADM, SRC, CORO1C, WNT1, CDH13, NOTCH1, COL26A1, EGFLAM, BCL2, SEMA3E, VEGFA, SERPINE1, 
BCL6, DISC1 
1.688876532 1 0.242153756 42.74049793 
GO:0000165~MAPK cascade 61 4.472140762 0.027690975 
OPRM1, NDST1, LPAR2, PDCD4, MDFIC, GAB1, RRAS, TGFA, SPRED1, PLCB1, MYC, DAB2IP, RET, PTPRR, FGF23, IL6R, PRKCE, MAP4K4, MAP3K15, KSR2, 
RELT, GPR55, SERPINF2, VEGFA, SEMA4C, PDGFRA, PDGFRB, KSR1, CAV3, ZMYND11, GCNT2, GNAI2, DRD2, CCR1, DAG1, KITLG, ULK4, KIT, SRC, NR2C2, 
IRAK4, CCL22, ECE1, MARVELD3, CSF1R, THPO, DIXDC1, MAP2K1, MET, IL1RN, HGF, MID1, TP73, DUSP4, EPHA4, MAPK13, SMPD1, IGFBP3, HTR2C, KLF4, 
HTR2A 
1.30483745 1 0.242111876 42.77547177 
GO:0001816~cytokine production 54 3.958944282 0.027696653 
VTCN1, PPARG, RNF216, RORA, PNP, LGR4, S1PR3, TMEM173, ATG5, HPSE, TKFC, GATA3, PDE4B, SERPINE1, LTF, MS4A2, PLCB1, TWIST2, GBP5, ATG9A, 
ACKR1, LEF1, DLL1, IL6R, INHBB, PRKCQ, SERPINF2, TRIM32, TREM1, DRD2, KIT, SRC, IRAK4, CALCA, XBP1, BCL6, NFATC4, INPP5D, CSF1R, CREB1, MET, 
SMAD4, AXL, HGF, FOXP3, SIRT1, FOXP1, NOTCH2, NOTCH1, HDAC1, MAPK13, IRF1, IRF4, KLF4 
1.329346206 1 0.24188403 42.78211411 
GO:0035051~cardiocyte differentiation 17 1.246334311 0.027744601 CAV3, MET, SMAD4, LMNA, JAG1, FOXP1, NOTCH1, DKK1, ATG5, MYOCD, XIRP1, SPEG, VEGFA, PDGFRA, AKAP6, PDGFRB, RARB 1.789230065 1 0.241981263 42.83817473 
GO:0002366~leukocyte activation involved 
in immune response 
23 1.686217009 0.027910248 
CPLX2, ABR, SWAP70, UNG, TP53, LEF1, SNX4, WHSC1, DLL1, RORA, KIT, FOXP3, PRKCE, FES, FOXP1, CRHR1, NOTCH2, XBP1, GATA3, MS4A2, BCL6, VAMP2, 
IRF4 
1.613815353 1 0.24298008 43.03144652 
GO:0043408~regulation of MAPK cascade 60 4.398826979 0.028369653 
OPRM1, LPAR2, PDCD4, MDFIC, GAB1, RRAS, TGFA, SPRED1, PLCB1, DAB2IP, PTPRR, FGF23, IL6R, PRKCE, INHBB, MAP4K4, MAP3K15, KSR2, RELT, GPR55, 
SERPINF2, VEGFA, SEMA4C, PDGFRA, PDGFRB, KSR1, CAV3, ZMYND11, GCNT2, GNAI2, DRD2, CCR1, DAG1, KITLG, ULK4, KIT, SRC, CCL22, ECE1, MARVELD3, 
CSF1R, THPO, BMP3, DIXDC1, MAP2K1, MET, IL1RN, MSTN, HGF, MID1, TP73, DUSP4, EPHA4, SMPD1, HTR2C, IGFBP3, BMP8B, KLF4, HTR2A, RNF41 
1.304581273 1 0.246216405 43.56422529 
GO:0051260~protein 
homooligomerization 30 2.19941349 0.02853217 
CALHM1, ALDOA, KCNC3, SLC6A1, CRTC1, KCNA2, GLRA3, FGFRL1, TH, SRC, GCH1, SHKBP1, KCNS2, TOR1A, GPX3, CDA, LGI1, BMF, EHD4, SHMT1, DNM1L, 
GBP5, SCUBE3, AK3, KCTD21, SKI, PFKM, IKBKE, PLN, ATPIF1 1.497354451 1 0.247178693 43.75156333 
GO:0009117~nucleotide metabolic 
process 
54 3.958944282 0.02912031 
OPRM1, LDHA, ADCY5, LHCGR, PGD, SNCA, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, PNP, CXCL10, PDE4B, GUCY1A3, DLG3, MYC, PID1, TBL1XR1, CYCS, 
NDUFC2, TP53, PFKM, CRHR1, UCN2, ADK, GRM7, VEGFA, MC2R, AKAP6, ATPIF1, CALCR, ALDOA, FUT8, PFKFB3, DRD2, HK1, CALCA, ECE1, CDA, UCK2, 
GPD2, SHMT1, DNM1L, NOS1, AK3, SIRT6, ATP1A2, AK4, AMPD2, AK9, SDHC, HTR2C, HTR2A 
1.324855171 1 0.251358667 44.4246036 
GO:0032446~protein modification by small 
protein conjugation 
62 4.545454545 0.029120639 
DYNC1LI1, HECW2, UBE2G1, RNF216, KLHDC7A, RNF182, CNOT4, ZYG11B, WNT1, DCAF11, ATG5, KLHL25, TRIM9, MED27, RNF34, DISC1, ANKS1A, HERC6, 
SOCS7, SOCS4, UBE2H, PRKCE, UHRF2, UBE2K, MED8, TRIM32, ASB1, ASB4, FBXO10, ZER1, FZR1, SYVN1, KBTBD12, PPIL2, SOX4, UBA5, FKBP1A, UBE2QL1, 
AMER1, TRIM67, RNF165, BCL2, PER2, TNKS, NEDD4L, CDC23, HACE1, MARCH8, TRIM62, MARCH5, SIRT1, TRIM21, BTBD18, HSPBP1, MSL2, AKTIP, NEDD4, 
UBA1, FBXO30, NEUROD2, DNAJB2, RNF41 
1.295696355 1 0.251083244 44.42497832 
GO:0030308~negative regulation of cell 
growth 
20 1.46627566 0.029149422 
CAV3, DAB2IP, PPARG, TP53, ADIPOR2, SMAD4, GAS1, SIRT1, SEMA6A, PPP1R9B, EI24, HNF4A, SEMA4F, BCL2, SEMA3E, SEMA4C, CDA, SEMA4B, BCL6, 
DNAJB2 
1.67911424 1 0.251022934 44.45771924 
GO:0051972~regulation of telomerase 
activity 
8 0.586510264 0.02933251 PRKCQ, OBFC1, PPARG, TP53, TNKS, GRHL2, KLF4, SRC 2.640788759 1 0.25212373 44.66555252 
GO:0090184~positive regulation of kidney 
development 
8 0.586510264 0.02933251 RET, GATA3, VEGFA, PDGFRB, LIN28A, MYC, LGR4, WNT2B 2.640788759 1 0.25212373 44.66555252 
GO:0051196~regulation of coenzyme 
metabolic process 
8 0.586510264 0.02933251 PFKFB3, PDK3, SNCA, TP53, SIRT6, CBFA2T3, MYC, HTR2A 2.640788759 1 0.25212373 44.66555252 
GO:1903900~regulation of viral life cycle 17 1.246334311 0.029430745 RNASEL, CHMP3, VPS37B, LEF1, TRIM10, TRIM62, TRIM21, PPIE, NOTCH1, HDAC1, MDFIC, BCL2, PVRL2, TRIM32, LTF, CHD1, VPS4A 1.776357906 1 0.252583788 44.77676119 
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GO:0008306~associative learning 13 0.953079179 0.029452376 B4GALT2, DRD2, CREB1, KIT, ATP1A2, NETO1, CRHR1, AP1S2, GRM7, NEUROD2, RELN, CACNA1E, GLP1R 1.987541013 1 0.252468364 44.80121948 
GO:0035094~response to nicotine 11 0.806451613 0.029652081 ALDOA, PPP1R9B, NOS1, DRD2, CREB1, BCL2, SLC6A3, SERPINE1, TH, ATP1A2, HTR2C 2.159023242 1 0.253685683 45.02654812 
GO:0044419~interspecies interaction 
between organisms 30 2.19941349 0.029719603 
PVR, RNASEL, CHMP3, DAG1, VPS37B, TRIM10, RAB43, ATG5, PVRL1, MDFIC, BCL2, PVRL2, LTF, CHD1, GUCY1A3, VPS4A, MYC, AXL, TP53, LEF1, FUCA2, 
TRIM62, USF1, TRIM21, PPIE, NOTCH1, HDAC1, NEDD4, TRIM32, TREM1 1.492226525 1 0.253912033 45.1025368 
GO:0044403~symbiosis, encompassing 
mutualism through parasitism 30 2.19941349 0.029719603 
PVR, RNASEL, CHMP3, DAG1, VPS37B, TRIM10, RAB43, ATG5, PVRL1, MDFIC, BCL2, PVRL2, LTF, CHD1, GUCY1A3, VPS4A, MYC, AXL, TP53, LEF1, FUCA2, 
TRIM62, USF1, TRIM21, PPIE, NOTCH1, HDAC1, NEDD4, TRIM32, TREM1 1.492226525 1 0.253912033 45.1025368 
GO:0036119~response to platelet-derived 
growth factor 6 0.439882698 0.029932022 CREB1, SERPINE1, PDGFRB, PRKCE, MYC, SRC 3.351770348 1 0.255217148 45.34093818 
GO:1901385~regulation of voltage-gated 
calcium channel activity 6 0.439882698 0.029932022 CRHR1, NOS1AP, DRD2, PDE4B, CACNB1, CACNB3 3.351770348 1 0.255217148 45.34093818 
GO:0071709~membrane assembly 6 0.439882698 0.029932022 CAV3, PTPRD, NRXN2, ANK3, FLOT2, LRP4 3.351770348 1 0.255217148 45.34093818 
GO:0045672~positive regulation of 
osteoclast differentiation 
6 0.439882698 0.029932022 ASXL2, NOTCH2, CREB1, CCR1, PPARGC1B, CSF1R 3.351770348 1 0.255217148 45.34093818 
GO:0046824~positive regulation of 
nucleocytoplasmic transport 
15 1.099706745 0.02994161 NCBP2, ANP32B, XPO4, PPM1A, SMAD4, PPP3R1, TNFSF14, EDAR, PRKCQ, TMEM173, UACA, NEDD4, XBP1, AKAP6, PIK3R2 1.862094638 1 0.255009907 45.35167612 
GO:0001658~branching involved in 
ureteric bud morphogenesis 
10 0.73313783 0.030292372 WNT1, PGF, FAT4, BCL2, VEGFA, SMAD4, WNT9B, MYC, LGR4, WNT2B 2.269427839 1 0.25733415 45.74311853 
GO:0045682~regulation of epidermis 
development 
10 0.73313783 0.030292372 NOTCH1, OVOL2, ROCK1, HPSE, SMAD4, PRKCH, DLL1, GRHL2, TMEM79, MYCN 2.269427839 1 0.25733415 45.74311853 
GO:0021953~central nervous system 
neuron differentiation 
22 1.612903226 0.030294325 
NRP2, SATB2, DRD2, MET, NR4A2, SOX4, LEF1, RORA, UQCRQ, EPHB2, EPHA4, WNT1, DLX1, OLIG3, BCL11B, PAX7, FOXG1, CNTN2, DCX, FAIM2, DISC1, 
CSF1R 
1.622007309 1 0.25706887 45.74529097 
GO:0009118~regulation of nucleoside 
metabolic process 
9 0.659824047 0.030310822 PID1, DNM1L, PFKFB3, TP53, SIRT6, ATPIF1, CBFA2T3, MYC, HTR2A 2.420723029 1 0.25691169 45.76363445 
GO:1903578~regulation of ATP metabolic 
process 
9 0.659824047 0.030310822 PID1, DNM1L, PFKFB3, TP53, SIRT6, ATPIF1, CBFA2T3, MYC, HTR2A 2.420723029 1 0.25691169 45.76363445 
GO:0051090~regulation of sequence-
specific DNA binding transcription factor 
activity 
34 2.492668622 0.030316139 
CRTC1, PPARG, NFKBIA, KIT, NLRC5, WNT1, PRMT2, PTGIS, MYOCD, LTF, LRRFIP1, FOSL1, IRAK2, DAB2IP, PRKCH, IL6R, NFAM1, FOXP3, TRIM62, SIRT1, 
TRIM21, PPARGC1B, PRKCB, PRKD1, PRKCQ, HNF4A, HEYL, TRIM32, VEGFA, NEUROD2, RELN, CLOCK, KLF4, RNF41 
1.448174481 1 0.256672304 45.76954485 
GO:0031062~positive regulation of histone 
methylation 7 0.513196481 0.030480672 ASXL2, PHF19, XBP1, PAX7, RTF1, SMAD4, SIRT1 2.904867635 1 0.257607481 45.95215691 
GO:0048534~hematopoietic or lymphoid 
organ development 
74 5.425219941 0.030487478 
ARID4A, MITF, PPARG, ZEB1, JAG1, RORA, FES, CBFA2T3, TPD52, PNP, WNT1, ATG5, GATA3, RRAS, MYC, TWIST2, RBFOX2, SATB1, RET, HERC6, TP53, LEF1, 
DLL1, CDK6, NFAM1, MYH9, PPARGC1B, FARP2, GPR55, VEGFA, PDGFRA, PDGFRB, NFE2L1, ATPIF1, ATXN1L, ADD2, CALCR, CLDN18, CCR1, NFKBIA, KITLG, 
SOX4, KIT, TRIM10, SRC, CALCA, ACE, XBP1, BCL2, BCL11B, BCL6, INPP5D, CSF1R, THPO, ASXL2, ESRRA, ZBTB46, CR2, MAP2K1, CREB1, AXL, ROGDI, FOXP3, 
FOXP1, WNT2B, CDKN1C, NOTCH2, NOTCH1, PKNOX1, IRF1, IRF4, TOB2, KLF4, RNF41 
1.260024648 1 0.257379018 45.95969822 
GO:0002263~cell activation involved in 
immune response 
23 1.686217009 0.03066768 CPLX2, ABR, SWAP70, UNG, TP53, LEF1, SNX4, WHSC1, DLL1, RORA, KIT, FOXP3, PRKCE, FES, FOXP1, CRHR1, NOTCH2, XBP1, GATA3, MS4A2, BCL6, VAMP2, 
IRF4 
1.598372143 1 0.258425357 46.15900488 
GO:0001894~tissue homeostasis 23 1.686217009 0.03066768 MUC2, CLDN18, HNF1A, GCNT2, NCDN, HOXA13, STRAP, MAP1A, ILDR2, PPARGC1B, SRC, BBS1, CALCA, VSIG1, LPCAT1, GPR55, BCL2, VEGFA, TRIM32, LTF, 
PDGFRB, INPP5D, TP53INP2 
1.598372143 1 0.258425357 46.15900488 
GO:1900006~positive regulation of 
dendrite development 
12 0.879765396 0.030920503 EPHA4, DAB2IP, PTPRD, CPEB3, CRTC1, MET, EEF2K, MARCKS, RELN, CUX1, RAB21, NUMBL 2.050494801 1 0.259999628 46.43745357 
GO:0061333~renal tubule morphogenesis 12 0.879765396 0.030920503 WNT1, PGF, FAT4, GATA3, BCL2, VEGFA, SMAD4, WNT9B, MYC, LGR4, WNT2B, HS2ST1 2.050494801 1 0.259999628 46.43745357 
GO:0042176~regulation of protein 
catabolic process 
34 2.492668622 0.031016532 
CREBRF, SNX9, DYNC1LI1, RAD23B, FZR1, PPP2R3A, CBFA2T3, SF3B3, OAZ2, WNT1, AMER1, TRIM67, LPCAT1, XBP1, NEDD4L, AGAP2, DISC1, DAB2IP, 
ANKS1A, SMAD4, CDC23, SOCS4, SGTA, HSPBP1, PSME1, UBE2K, NEDD4, ATG4B, TRIM32, SVIP, DNAJB2, ATPIF1, PSME3, MDM4 
1.443940052 1 0.26042207 46.54285745 
GO:0034114~regulation of heterotypic 
cell-cell adhesion 
5 0.366568915 0.031365333 GCNT2, FLOT2, IL1RN, MYADM, KLF4 4.034538381 1 0.262685273 46.92405639 
GO:0003181~atrioventricular valve 
morphogenesis 
5 0.366568915 0.031365333 NOTCH1, HEYL, SMAD4, SOX4, MDM4 4.034538381 1 0.262685273 46.92405639 
GO:0010832~negative regulation of 
myotube differentiation 
5 0.366568915 0.031365333 NOTCH1, HDAC1, MYOCD, XBP1, CXCL10 4.034538381 1 0.262685273 46.92405639 
GO:0009629~response to gravity 5 0.366568915 0.031365333 STX1A, PLCG1, SERPINE1, MSTN, FOSL1 4.034538381 1 0.262685273 46.92405639 
GO:0034341~response to interferon-
gamma 
13 0.953079179 0.031636243 NLRC5, CCL22, GBP5, RPL13A, CXCL16, PPARG, SNCA, IRF1, CALCOCO2, MYC, TRIM21, SEC61A1, GCH1 1.966837461 1 0.264371881 47.21834509 
GO:0060562~epithelial tube 
morphogenesis 
35 2.565982405 0.031676194 PGF, DAG1, PPP3R1, SOX4, SRC, LGR4, HS2ST1, WNT1, OVOL2, FAT4, BCL2, GATA3, SEMA3E, NFATC4, MYC, RET, SLC12A2, PODXL, MET, SMAD4, LEF1, 
DLL1, SKI, GRHL2, WNT2B, MYCN, EPHA4, NOTCH2, NOTCH1, ZIC5, VEGFA, WNT9B, SEMA4C, TMTC3, AREG 
1.431977003 1 0.264379058 47.26161298 
GO:0060538~skeletal muscle organ 
development 
22 1.612903226 0.031780731 FGFRL1, MET, MSTN, FOXN2, SKI, RCAN1, DLL1, MYT1, FOXP1, FOXP2, PLAGL1, NOTCH1, DDX17, DKK1, MYOCD, BCL2, PAX7, SVIL, HEYL, BCL9L, MYC, 
CSF1R 
1.613815353 1 0.264853541 47.37466833 
GO:0006813~potassium ion transport 23 1.686217009 0.03212111 CAV3, FXYD2, KCNC3, NOS1, SLC12A2, KCNA2, ATP1A2, OXSR1, KCNK3, KCNQ3, KCNS2, ANK2, KCNJ8, ANK3, NEDD4, KCNN3, AKAP6, KCNH7, NEDD4L, 
VAMP2, HCN3, SCN4A, HTR2A 
1.590760847 1 0.267027785 47.74119262 
GO:0050773~regulation of dendrite 
development 
18 1.319648094 0.032338879 PTPRD, DAB2IP, SRCIN1, CPEB3, CRTC1, MET, NUMBL, EPHA4, FAT3, NEDD4, EEF2K, NFATC4, RELN, MARCKS, CUX1, TLX2, DISC1, RAB21 1.719987415 1 0.26831049 47.97441453 
GO:0051048~negative regulation of 
secretion 
24 1.759530792 0.032349591 OPRM1, NOS1, ABR, SRCIN1, DRD2, IL1RN, SNCA, PPARG, FGF23, FOXP3, SIRT1, IRS1, FKBP1B, LGR4, INHBB, CRHR1, MAP4K4, NOTCH1, UCN2, CRY2, 
HDAC1, TRIM9, GRM7, ACSL4 
1.570198721 1 0.268103041 47.98586185 
GO:0007157~heterophilic cell-cell 
adhesion via plasma membrane cell 
adhesion molecules 
8 0.586510264 0.032748085 ALCAM, PVR, PTPRD, CADM4, PVRL1, FAT4, PVRL2, ADGRL1 2.582104564 1 0.270672522 48.40998834 
GO:1902305~regulation of sodium ion 
transmembrane transport 8 0.586510264 0.032748085 CAV3, FXYD2, NOS1, SCN2B, NEDD4, ANK3, NEDD4L, ATP1A2 2.582104564 1 0.270672522 48.40998834 
GO:0051193~regulation of cofactor 8 0.586510264 0.032748085 PFKFB3, PDK3, SNCA, TP53, SIRT6, CBFA2T3, MYC, HTR2A 2.582104564 1 0.270672522 48.40998834 
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metabolic process 
GO:0010035~response to inorganic 
substance 
59 4.325513196 0.032767741 
SYT1, LDHA, SLC6A1, SLC6A3, GLRA3, PPARG, SNCA, SYT9, MBP, ANK3, GPX3, SERPINE1, EEF2K, NQO1, FOSL1, MYC, TP53, FGF23, LEF1, FOSB, INHBB, 
CCND1, MTF1, CYBRD1, PDGFRA, PDGFRB, RELN, NGB, DRD2, SIPA1, TH, HMGCS1, FKBP1A, FKBP1B, SRC, NPTX1, ECE1, BCL2, NFATC4, NEDD4L, SLC30A3, 
RASA4, SLC30A6, KLF6, GNAO1, NOS1, CREB1, MET, AXL, NR4A2, HGF, SIRT1, KCNK3, PLCG1, UCP3, PLN, NEUROD2, AREG, KLF4 
1.296423528 1 0.270527225 48.43082379 
GO:0002520~immune system 
development 
77 5.64516129 0.032893622 
ARID4A, MITF, PPARG, ZEB1, JAG1, RORA, FES, CBFA2T3, TPD52, PNP, WNT1, ATG5, GATA3, RRAS, MYC, TWIST2, RBFOX2, SATB1, RET, HERC6, TP53, LEF1, 
DLL1, CDK6, NFAM1, MYH9, PPARGC1B, FARP2, GPR55, VEGFA, PDGFRA, PDGFRB, NFE2L1, ATPIF1, ATXN1L, ADD2, CALCR, CLDN18, CCR1, UNG, NFKBIA, 
SOX4, KITLG, KIT, TRIM10, SRC, CALCA, ACE, XBP1, BCL2, BCL11B, BCL6, INPP5D, CSF1R, THPO, ASXL2, ESRRA, ZBTB46, CR2, MAP2K1, SWAP70, CREB1, 
AXL, ROGDI, WHSC1, FOXP3, FOXP1, WNT2B, CDKN1C, NOTCH2, NOTCH1, PKNOX1, IRF1, IRF4, TOB2, KLF4, RNF41 
1.248185312 1 0.271139625 48.5640664 
GO:1901880~negative regulation of 
protein depolymerization 
10 0.73313783 0.033097577 DBNL, LIMA1, SWAP70, PLEKHH2, MAP1A, TMOD2, MYH9, MID1, ADD2, MAP6D1 2.234513565 1 0.272305241 48.77925569 
GO:0061178~regulation of insulin 
secretion involved in cellular response to 
glucose stimulus 
10 0.73313783 0.033097577 MAP4K4, ADCY5, PLA2G6, CACNA1E, CFTR, SIDT2, PRKCE, MYT1, SIRT1, FKBP1B 2.234513565 1 0.272305241 48.77925569 
GO:0002040~sprouting angiogenesis 10 0.73313783 0.033097577 CDH13, PPP1R16B, NOTCH1, PGF, VEGFA, SEMA3E, LEF1, DLL1, KLF4, PARVA 2.234513565 1 0.272305241 48.77925569 
GO:0006029~proteoglycan metabolic 
process 
10 0.73313783 0.033097577 EGFLAM, NDST1, HPSE, XYLT1, CHST12, DSEL, CHST3, CHST13, GLCE, HS2ST1 2.234513565 1 0.272305241 48.77925569 
GO:0031570~DNA integrity checkpoint 12 0.879765396 0.033339387 PEA15, CCND1, XPC, TP53, SOX4, RAD9B, DGKZ, RAD9A, CASP2, CLOCK, FOXN3, TP73 2.026651838 1 0.273734739 49.03327722 
GO:0044246~regulation of multicellular 
organismal metabolic process 
9 0.659824047 0.033412287 SERPINF2, CLIC5, PPARG, PDGFRB, MKX, IL6R, MFAP4, BMP8B, SUCO 2.376709883 1 0.273963947 49.10962461 
GO:0060193~positive regulation of lipase 
activity 
9 0.659824047 0.033412287 CALCR, GPR55, NMUR1, PDGFRA, MS4A2, PDGFRB, MARCKS, GPIHBP1, HTR2A 2.376709883 1 0.273963947 49.10962461 
GO:0010633~negative regulation of 
epithelial cell migration 
9 0.659824047 0.033412287 CORO1C, DAB2IP, NOTCH1, PTPRM, STRAP, MARVELD3, PTPRR, STC1, KLF4 2.376709883 1 0.273963947 49.10962461 
GO:0021761~limbic system development 16 1.173020528 0.033586535 NRP2, DRD2, BCAN, LEF1, UQCRQ, TP73, BBS1, CRHR1, PPP1R9B, DLX1, NCOA1, HDAC1, CNTNAP2, RELN, DCX, MYC 1.787610852 1 0.274908359 49.29167086 
GO:0072594~establishment of protein 
localization to organelle 
46 3.372434018 0.03361854 
PACS1, DPH6, ABLIM3, LHCGR, ATG13, DAG1, PPP3R1, PPM1A, HK1, TNFSF14, NFKBIA, PEX3, TMEM173, MOAP1, CRY2, MDFIC, XBP1, PEX2, NMUR1, BCL6, 
AXIN2, SEC61A1, ELMOD1, PIK3R2, SPRN, DAB2IP, ZDHHC8, LMNA, SMAD4, SIX3, LRRC46, TP53, SRPRA, EDAR, PKIA, CDKL2, SIRT1, MFN2, PRKCQ, UACA, 
HNF4A, NEDD4, KCNN3, AKAP6, ATPIF1, SPCS2 
1.349736477 1 0.274846974 49.32504028 
GO:0043086~negative regulation of 
catalytic activity 
68 4.985337243 0.033664616 
OPRM1, DYNC1LI1, CPEB2, SRCIN1, PPP2R5A, SNCA, PPARG, TNFSF14, PDCD4, CRY2, MYOCD, SERPINE1, LTF, DLG3, SPRED1, NQO1, RNF34, RECK, DAB2IP, 
ROCK1, RIMBP2, TP53, LEF1, SOCS4, PKIA, SERPINF2, SERPINB8, GRM7, VEGFA, SERPINB2, ATPIF1, WFDC5, CAV3, RTN4RL1, DRD2, FKBP1A, FKBP1B, SRC, 
CALU, OAZ2, GMIP, LMTK3, MLLT1, RASA4, CNST, NOS1, FETUB, ARPP19, PPP1R11, MSTN, PPP1R10, HGF, DGKI, TMBIM1, SIRT1, TP73, CORO1C, HSPBP1, 
CDKN1C, PPP1R9B, DUSP4, NOTCH1, CSRNP3, OBFC1, PLN, SMPD1, DGKZ, KLF4 
1.267849802 1 0.274884861 49.37304541 
GO:0051224~negative regulation of 
protein transport 24 1.759530792 0.033817704 
OPRM1, KDELR3, DAB2IP, NOS1, SRCIN1, DRD2, PPM1A, SOX4, HK1, NFKBIA, FOXP3, FKBP1B, PKIA, IRS1, LGR4, INHBB, MAP4K4, UACA, HNF4A, HDAC1, 
MDFIC, SVIP, LYPLAL1, AXIN2 1.563157471 1 0.275675092 49.53223089 
GO:0023014~signal transduction by 
protein phosphorylation 
63 4.618768328 0.033822073 
OPRM1, NDST1, LPAR2, PDCD4, MDFIC, GAB1, RRAS, TGFA, SPRED1, PLCB1, MYC, DAB2IP, RET, PTPRR, FGF23, IL6R, PRKCE, MAP4K4, ACVR2B, MAP3K15, 
KSR2, RELT, GPR55, SERPINF2, VEGFA, SEMA4C, PDGFRA, PDGFRB, KSR1, CAV3, ZMYND11, GCNT2, GNAI2, DRD2, CCR1, DAG1, KITLG, ULK4, KIT, SRC, 
NR2C2, IRAK4, CCL22, ECE1, MARVELD3, CSF1R, THPO, DIXDC1, MAP2K1, MET, IL1RN, OXSR1, HGF, MID1, TP73, DUSP4, EPHA4, MAPK13, SMPD1, IGFBP3, 
HTR2C, KLF4, HTR2A 
1.281559251 1 0.275419082 49.53676704 
GO:0032868~response to insulin 28 2.052785924 0.033828605 
PID1, ESRRA, RNASEL, SOGA1, CPEB2, PPARG, RHOQ, MSTN, SOCS7, USF1, SIRT1, IRS1, SRC, PRKCB, INHBB, SLC2A8, PRKCQ, CRY2, UCP3, XBP1, BCL2, PLN, 
SERPINE1, EEF2K, MARCKS, VAMP2, MYC, PIK3R2 1.500669627 1 0.275178786 49.54354827 
GO:0003206~cardiac chamber 
morphogenesis 15 1.099706745 0.033966306 CAV3, NOTCH2, NOTCH1, OVOL2, GATA3, HEYL, FGFRL1, TP53, SOX4, WHSC1, FKBP1A, RARB, JAG1, GRHL2, PARVA 1.830798929 1 0.275857894 49.68629708 
GO:0060041~retina development in 
camera-type eye 20 1.46627566 0.033975117 RHOJ, RET, PTPRM, SDK2, SIX3, SKI, DLL1, CALB1, RAB11FIP4, ACVR2B, LPCAT1, FAT3, PVRL1, VEGFA, PDGFRA, PDGFRB, SLC4A7, TGIF2, RARB, CASP2 1.650492974 1 0.275633743 49.69541829 
GO:0051640~organelle localization 37 2.712609971 0.034098656 
CAV3, SYT1, CPLX2, CHMP3, CHMP7, SYNJ1, SNCA, TH, AP3S2, SNX4, KIT, GPR143, SPICE1, RIMS4, HOOK3, RIMS3, KIF13A, AP1S2, TRIM9, MAPT, PVRL2, 
SEC16A, TOR1A, VPS4A, MS4A2, STX1A, TMEM201, MAP2K1, CDC23, MYH9, BRAT1, PCLO, MFN2, CRHR1, SEMA6A, ADGRL1, VAMP2 1.406807624 1 0.276211485 49.82313728 
GO:0032984~macromolecular complex 
disassembly 18 1.319648094 0.034145336 DBNL, LIMA1, STMN3, SWAP70, MAP1A, SYNJ1, HBS1L, TNP1, MYH9, MID1, OGFOD1, PPP1R9B, PLEKHH2, TMOD2, VPS4A, STMN1, ADD2, MAP6D1 1.708745667 1 0.276251685 49.87131693 
GO:0045732~positive regulation of protein 
catabolic process 21 1.539589443 0.034520802 
CREBRF, SNX9, FZR1, DAB2IP, PPP2R3A, SOCS4, CBFA2T3, SGTA, OAZ2, HSPBP1, AMER1, TRIM67, LPCAT1, XBP1, NEDD4, ATG4B, TRIM32, ATPIF1, DNAJB2, 
NEDD4L, DISC1 1.622399477 1 0.278578512 50.25724929 
GO:0045747~positive regulation of Notch 
signaling pathway 7 0.513196481 0.034522572 WNT1, NOTCH1, TSPAN33, TSPAN14, DLL1, KIT, JAG1 2.824176867 1 0.278304162 50.2590622 
GO:0030835~negative regulation of actin 
filament depolymerization 
7 0.513196481 0.034522572 DBNL, LIMA1, SWAP70, PLEKHH2, TMOD2, MYH9, ADD2 2.824176867 1 0.278304162 50.2590622 
GO:1901985~positive regulation of protein 
acetylation 
7 0.513196481 0.034522572 RPS6KA4, NOS1, XBP1, GATA3, SMAD4, SOX4, FOXP3 2.824176867 1 0.278304162 50.2590622 
GO:0018198~peptidyl-cysteine 
modification 
6 0.439882698 0.034721121 RAB3B, ACE, NOS1, NOS1AP, CLIP3, MAP6D1 3.227630705 1 0.279393609 50.46199587 
GO:0007548~sex differentiation 33 2.419354839 0.034829833 ARID4A, HOXA13, LHCGR, ARID4B, HMGCS1, KITLG, KIT, LGR4, ACE, BCL2, GATA3, SERPINE1, IDH1, AGO4, CASP2, MYC, CAPN5, MET, AXL, SMAD4, SIRT1, 
WNT2B, INHBB, NCOA1, CCND1, HNF4A, EIF2S2, VEGFA, ASB1, WNT9B, PDGFRA, GFRA1, JMJD1C 
1.439348828 1 0.279858537 50.57277563 
GO:0032269~negative regulation of 
cellular protein metabolic process 84 6.158357771 0.034922074 
DYNC1LI1, CPEB2, SRCIN1, CTDSPL, CPEB3, SNCA, TNFSF14, PDCD4, WNT1, CRY2, ATG5, MYOCD, SERPINE1, ANP32A, DLG3, CTDSP2, SPRED1, RNF34, 
SAMD4A, PID1, RECK, DAB2IP, ANKS1A, ROCK1, RIMBP2, TP53, PTPRR, LEF1, SOCS4, PRKCE, MYADM, PKIA, PURB, HNF4A, SERPINF2, SERPINB8, VEGFA, 
SERPINB2, WFDC5, SUPT6H, CAV3, ZMYND11, RTN4RL1, STRAP, DAG1, SOX4, FKBP1A, BDKRB2, FKBP1B, SRC, PPP1R16B, CNOT6L, MARVELD3, PER2, 
LMTK3, MLLT1, AGO4, NOS1, CNST, SWAP70, FETUB, MET, PPP1R11, GAS1, HGF, FOXP3, SIRT1, TP73, TRIM21, CORO1C, CDKN1C, PPP1R9B, DUSP4, DKK1, 
CSRNP3, HDAC1, RPL13A, IRF1, SMPD1, KDM4C, SVIP, DNAJB2, IGFBP3, KLF4 
1.228644921 1 0.280208497 50.66658587 
GO:0014706~striated muscle tissue 
development 37 2.712609971 0.035005412 
CAV3, FKBP1A, PLAGL1, DDX17, MYOCD, ATG5, SPEG, BCL2, PAX7, BCL9L, RARB, MYC, CSF1R, CREB1, MET, LMNA, FOXN2, LEF1, MSTN, SIRT6, DLL1, RCAN1, 
SKI, TP73, FOXP1, FOXP2, NOTCH1, DKK1, XIRP1, SVIL, PLN, HEYL, VEGFA, PDGFRA, PDGFRB, AKAP6, MARCKS 1.403134497 1 0.280496185 50.75119734 
GO:0051648~vesicle localization 19 1.392961877 0.035027846 SYT1, CPLX2, STX1A, MAP2K1, SYNJ1, SNCA, TH, AP3S2, GPR143, PCLO, RIMS4, RIMS3, KIF13A, AP1S2, TRIM9, TOR1A, SEC16A, ADGRL1, VAMP2 1.672499547 1 0.280364115 50.77395037 
GO:0006753~nucleoside phosphate 
metabolic process 
54 3.958944282 0.035151998 OPRM1, LDHA, ADCY5, LHCGR, PGD, SNCA, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, PNP, CXCL10, PDE4B, GUCY1A3, DLG3, MYC, PID1, TBL1XR1, CYCS, 
NDUFC2, TP53, PFKM, CRHR1, UCN2, ADK, GRM7, VEGFA, MC2R, AKAP6, ATPIF1, CALCR, ALDOA, FUT8, PFKFB3, DRD2, HK1, CALCA, ECE1, CDA, UCK2, 
1.309372723 1 0.280931298 50.89968795 
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GPD2, SHMT1, DNM1L, NOS1, AK3, SIRT6, ATP1A2, AK4, AMPD2, AK9, SDHC, HTR2C, HTR2A 
GO:0060541~respiratory system 
development 
28 2.052785924 0.035163659 
FGFRL1, PPP3R1, DAG1, MYT1, ACE, MYOCD, SPEG, POU2F1, FNDC3B, MAP2K1, CREB1, LEF1, SKI, CFTR, GRHL2, FOXP1, WNT2B, MYCN, FOXP2, NOTCH1, 
ACVR2B, RPL13A, VEGFA, PDGFRA, TMTC3, ATXN1L, CUX1, NCOR2 
1.495152459 1 0.280725202 50.91148222 
GO:0045786~negative regulation of cell 
cycle 
35 2.565982405 0.035265348 
DYNC1LI1, CTDSPL, SOX4, BRINP1, PRMT2, MYOCD, BCL2, GATA3, OVOL1, VPS4A, CTDSP2, MYC, CASP2, DAB2IP, MAP2K1, TP53, RAD9B, RAD9A, CDK6, 
GAS1, SNAI1, TP73, FOXN3, CDKN1C, MFN2, NOTCH2, CCND1, XPC, UHRF2, HNF4A, TBRG1, IRF1, DGKZ, MDM4, TP53INP1 
1.419977196 1 0.281136541 51.01421868 
GO:0060977~coronary vasculature 
morphogenesis 
4 0.293255132 0.035307274 ACE, NOTCH1, VEGFA, PDGFRB 5.281577517 1 0.281137887 51.0565173 
GO:0090129~positive regulation of 
synapse maturation 
4 0.293255132 0.035307274 DAB2IP, NEUROD2, RELN, ADGRL1 5.281577517 1 0.281137887 51.0565173 
GO:0030206~chondroitin sulfate 
biosynthetic process 
4 0.293255132 0.035307274 XYLT1, CHST12, CHST3, CHST13 5.281577517 1 0.281137887 51.0565173 
GO:0021860~pyramidal neuron 
development 
4 0.293255132 0.035307274 FOXG1, DCX, UQCRQ, DISC1 5.281577517 1 0.281137887 51.0565173 
GO:0003198~epithelial to mesenchymal 
transition involved in endocardial cushion 
formation 
4 0.293255132 0.035307274 NOTCH1, HEYL, SMAD4, SNAI1 5.281577517 1 0.281137887 51.0565173 
GO:1903708~positive regulation of 
hemopoiesis 20 1.46627566 0.035708111 ASXL2, ZBTB46, CCR1, CREB1, AXL, KITLG, LEF1, JAG1, FOXP3, FES, PNP, PPARGC1B, CALCA, NOTCH2, XBP1, GATA3, ATXN1L, INPP5D, THPO, CSF1R 1.641168155 1 0.283588645 51.4591698 
GO:0002444~myeloid leukocyte mediated 
immunity 12 0.879765396 0.035889075 IRAK4, CRHR1, CPLX2, ACE, ABR, LYST, MS4A2, SNX4, TREM1, VAMP2, KIT, FES 2.003356989 1 0.284532948 51.63992006 
GO:0019941~modification-dependent 
protein catabolic process 
47 3.445747801 0.03592353 
RAD23B, DYNC1LI1, FZR1, HECW2, USP8, SYVN1, UBE2G1, VPS37A, RNF216, CBFA2T3, WNT1, TRIM67, XBP1, KLHL25, TRIM9, RNF165, TOR1A, VPS4A, 
NEDD4L, RNF34, DISC1, USP31, TBL1XR1, DAB2IP, ANKS1A, HERC6, CDC23, HACE1, ERLIN1, SOCS4, UBE2H, UBR1, SIRT1, SGTA, HSPBP1, UHRF2, UBE2K, 
NEDD4, UBA1, TRIM32, DNAJB2, SVIP, PCYOX1, USP24, TP53INP2, CLOCK, FBXO10 
1.338517439 1 0.284479672 51.67426214 
GO:1903533~regulation of protein 
targeting 
30 2.19941349 0.035981401 
DPH6, ABLIM3, ATG13, PPM1A, PPP3R1, TNFSF14, NFKBIA, TMEM173, MDFIC, NMUR1, ANK3, XBP1, AXIN2, PIK3R2, ELMOD1, DAB2IP, MYO1C, ZDHHC8, 
LRRC46, SMAD4, EDAR, PKIA, CDKL2, SIRT1, PRKCQ, UACA, HNF4A, KCNN3, AKAP6, ATPIF1 
1.467104866 1 0.284585355 51.73189127 
GO:0090263~positive regulation of 
canonical Wnt signaling pathway 
10 0.73313783 0.036077292 DIXDC1, WNT1, AMER1, PPP2R3A, RSPO1, SOX4, TNKS, SRC, LGR4, WNT2B 2.200657299 1 0.284948277 51.82723744 
GO:0043624~cellular protein complex 
disassembly 
15 1.099706745 0.036119032 DBNL, LIMA1, STMN3, SWAP70, MAP1A, SYNJ1, MID1, MYH9, PPP1R9B, PLEKHH2, TMOD2, VPS4A, STMN1, ADD2, MAP6D1 1.815542272 1 0.284944045 51.86868449 
GO:0050920~regulation of chemotaxis 21 1.539589443 0.036213635 
SWAP70, CCR1, MET, TNFSF14, PADI2, CXCL11, DAPK2, CXCL10, PRKD1, SEMA6A, CDH13, NOTCH1, SEMA4F, SEMA3E, VEGFA, SERPINE1, PDGFRA, 
SEMA4C, PDGFRB, SEMA4B, MTUS1 
1.613815353 1 0.285296882 51.96249739 
GO:0051222~positive regulation of protein 
transport 44 3.225806452 0.036244959 
CREBRF, DRD2, VTCN1, DPH6, XPO4, ABLIM3, ATG13, PPP3R1, PPM1A, TNFSF14, SOX4, SRC, OAZ2, TMEM173, XBP1, ANK3, NMUR1, RAB29, GATA3, 
GOLPH3L, ELMOD1, CSF1R, PIK3R2, DNM1L, CNST, MYO1C, ANP32B, ZDHHC8, SMAD4, LRRC46, CFTR, EDAR, PFKM, PRKCE, CDKL2, SIRT1, PRKCQ, MYRIP, 
UACA, KCNN3, PLA2G6, AKAP6, VAMP2, GLP1R 
1.353963728 1 0.28522203 51.99352208 
GO:0090101~negative regulation of 
transmembrane receptor protein 
serine/threonine kinase signaling pathway 
13 0.953079179 0.036347866 STRAP, ONECUT2, PPM1A, TP53, SKI, TMPRSS6, GREM2, SIRT1, WNT1, NOTCH1, PEG10, DKK1, BCL9L 1.926697921 1 0.285629571 52.09531036 
GO:1901700~response to oxygen-
containing compound 
143 10.48387097 0.036388822 
RNASEL, LDHA, SLC6A1, ADCY5, SLC6A3, SNCA, CBX3, ILDR2, RORA, JAG1, CXCL11, SIDT2, CXCL10, SLC2A8, WNT1, BRINP1, CRY2, GATA3, PDE4B, SERPINE1, 
NQO1, MTUS1, PID1, DAB2IP, RET, SOGA1, GJD3, PDXK, STRN3, YY1, FGF23, SOCS7, UBR1, IRS1, PPARGC1B, CRHR1, MAP4K4, THBD, GPR55, HNF4A, RELT, 
VEGFA, PDGFRA, PDGFRB, AKAP6, RELN, STC1, NGB, VAMP2, GLP1R, ALDOA, DRD2, SIPA1, HMGCS1, DAG1, SOX4, NFKBIA, RRAGD, SRC, GPR22, ACE, HCN3, 
KLF6, MUC2, ESRRA, ABR, MET, IL1RN, NR4A2, MSTN, HGF, USF1, FOXP1, NOTCH1, UCP3, HDAC1, PLCG1, KCNJ8, CXCL16, MARCKS, AREG, KLF4, NCOR2, 
OPRM1, HNF1A, CPEB2, CPEB3, GLRA3, PPARG, SYNJ1, NAP1L1, RHOQ, ZEB1, MBP, GPX3, EEF2K, LTF, PLCB1, MYC, FOSL1, GPIHBP1, IRAK2, TP53, CFTR, 
FOSB, IL6R, PRKCE, PRKCB, INHBB, PRKCQ, ACVR2B, NCOA1, CCND1, PLA2G6, TH, FKBP1B, GCH1, TPCN2, NPTX1, ACSL1, RPL32, XBP1, BCL2, THPO, PIK3R2, 
SHMT1, NOS1, GNAO1, CREB1, PDK3, AXL, ATP1A2, HID1, SIRT1, COL5A2, PPP1R9B, DKK1, RPL13A, PLN, IRF1, SMPD1, HTR2A, TP53INP1 
1.162922933 1 0.28561936 52.1357645 
GO:0048260~positive regulation of 
receptor-mediated endocytosis 
8 0.586510264 0.036418931 CAV3, DRD2, SERPINE1, VEGFA, SYNJ1, NEDD4L, RAB21, HIP1 2.525971856 1 0.285536297 52.16548371 
GO:0031018~endocrine pancreas 
development 
8 0.586510264 0.036418931 HNF1A, ONECUT2, SOX4, DLL1, CDK6, IL6R, SIDT2, MYT1 2.525971856 1 0.285536297 52.16548371 
GO:0042993~positive regulation of 
transcription factor import into nucleus 
8 0.586510264 0.036418931 PRKCQ, TMEM173, XBP1, PPP3R1, AKAP6, TNFSF14, EDAR, PIK3R2 2.525971856 1 0.285536297 52.16548371 
GO:0006650~glycerophospholipid 
metabolic process 
22 1.612903226 0.036568129 
PGAP2, PLA2G15, PIGZ, DRD2, SYNJ1, PI4KB, PIP5K1A, TMEM55A, CDS2, PNPLA8, LPCAT1, SERINC1, PLA2G6, PDGFRB, ABHD12, INPP5D, PLCB1, INPP5B, 
HTR2C, PIK3R2, HTR2A, CSF1R 
1.589728556 1 0.286252455 52.31249053 
GO:0003382~epithelial cell morphogenesis 9 0.659824047 0.036722466 VSIG1, ROCK1, HOXA13, GATA3, BCL11B, MET, STC1, JMJD1C, GRHL2 2.334268635 1 0.287000757 52.46411073 
GO:1903845~negative regulation of 
cellular response to transforming growth 
factor beta stimulus 
9 0.659824047 0.036722466 WNT1, PEG10, STRAP, ONECUT2, TP53, PPM1A, SKI, BCL9L, SIRT1 2.334268635 1 0.287000757 52.46411073 
GO:0030512~negative regulation of 
transforming growth factor beta receptor 
signaling pathway 
9 0.659824047 0.036722466 WNT1, PEG10, STRAP, ONECUT2, TP53, PPM1A, SKI, BCL9L, SIRT1 2.334268635 1 0.287000757 52.46411073 
GO:0045453~bone resorption 9 0.659824047 0.036722466 CALCA, CLDN18, HNF1A, NCDN, GPR55, VEGFA, INPP5D, PPARGC1B, SRC 2.334268635 1 0.287000757 52.46411073 
GO:0042326~negative regulation of 
phosphorylation 
41 3.005865103 0.037238026 
CAV3, ZMYND11, RTN4RL1, SRCIN1, CTDSPL, PPP2R5A, STRAP, SNCA, DAG1, FKBP1A, BDKRB2, CBFA2T3, PDCD4, MYOCD, MARVELD3, MLLT1, CTDSP2, 
SPRED1, PID1, DAB2IP, NOS1, MET, PTPRR, MSTN, SIRT6, SOCS4, HGF, MYADM, PKIA, SIRT1, TP73, CORO1C, CDKN1C, DUSP4, DKK1, HNF4A, ATXN7, IRF1, 
SMPD1, IGFBP3, KLF4 
1.368960609 1 0.290155457 52.96728141 
GO:0010829~negative regulation of 
glucose transport 
5 0.366568915 0.037628379 PID1, PEA15, SIRT6, MYC, PRKCB 3.822194256 1 0.292460725 53.3448843 
GO:0046716~muscle cell cellular 
homeostasis 
5 0.366568915 0.037628379 ALDOA, CAV3, TRIM32, MSTN, PFKM 3.822194256 1 0.292460725 53.3448843 
GO:0048663~neuron fate commitment 11 0.806451613 0.037705059 NOTCH3, WNT1, DLX1, SATB2, NOTCH1, OLIG3, BCL11B, PAX7, FOXG1, SMAD4, DLL1 2.074905453 1 0.292679627 53.41872106 
GO:0051098~regulation of binding 30 2.19941349 0.037762383 PACS1, RAP1GAP, FKBP1A, GREM2, SRC, TMEM173, ACE, MYOCD, PAX7, GATA3, BCL2, PER2, NFATC4, TNKS, MYC, TWIST2, DAB2IP, ROCK1, SMAD4, LEF1, 1.462181695 1 0.29276997 53.47384645 
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SKI, SIRT1, LRPAP1, DKK1, AKTIP, PLN, IRF4, NSD1, ADD2, KLF4 
GO:0098655~cation transmembrane 
transport 56 4.105571848 0.038094738 
CALHM1, OPRM1, JPH3, KCNC3, SLC6A3, UQCRQ, KCNQ3, ANK2, ANK3, PDE4B, SCN2B, NOS1AP, CACNG4, CACNG2, CRHR1, GRM7, PLA2G6, AKAP6, 
KCNH7, SLC38A1, VAMP2, CAV3, FXYD2, SCN1A, DRD2, KCNA2, CACNB1, FKBP1A, CACNB3, FKBP1B, TPCN2, ORAI3, KCNS2, SCNN1G, SLC30A3, NEDD4L, 
SLC31A2, HCN3, SLC30A6, NOS1, SLC12A2, ASIC2, ATP1A2, OXSR1, CACNA2D2, KCNK3, PLCG1, UCP3, KCNJ8, SLC7A2, NEDD4, ATP6V1E1, PLN, KCNN3, 
CACNA1E, SCN4A 
1.295163913 1 0.294674831 53.79223717 
GO:0007346~regulation of mitotic cell 
cycle 41 3.005865103 0.03849667 
DYNC1LI1, CHMP3, HOXA13, CTDSPL, DRD2, SOX4, BRINP1, PRMT2, BCL2, OVOL1, TGFA, CTDSP2, PLCB1, CASP2, MYC, PID1, MAP2K1, ANP32B, MET, TP53, 
CDC23, RAD9B, RAD9A, GAS1, OXSR1, PKIA, SIRT1, TP73, FOXN3, CDKN1C, PRKCQ, MAP4K4, CCND1, XPC, HNF4A, PSME1, MCIDAS, FOXG1, PDGFRB, DGKZ, 
MAP3K14 
1.365820791 1 0.297027664 54.17451702 
GO:0043266~regulation of potassium ion 
transport 
12 0.879765396 0.038572571 CAV3, KCNS2, NOS1, ANK2, DRD2, NEDD4, ANK3, AKAP6, VAMP2, NEDD4L, OXSR1, HTR2A 1.980591569 1 0.297234127 54.24636887 
GO:0022405~hair cycle process 12 0.879765396 0.038572571 FOXQ1, NOTCH1, DKK1, HDAC1, HPSE, TRPS1, BCL2, EDAR, SNAI1, LRP4, LGR4, TMEM79 1.980591569 1 0.297234127 54.24636887 
GO:0022404~molting cycle process 12 0.879765396 0.038572571 FOXQ1, NOTCH1, DKK1, HDAC1, HPSE, TRPS1, BCL2, EDAR, SNAI1, LRP4, LGR4, TMEM79 1.980591569 1 0.297234127 54.24636887 
GO:0001942~hair follicle development 12 0.879765396 0.038572571 FOXQ1, NOTCH1, DKK1, HDAC1, HPSE, TRPS1, BCL2, EDAR, SNAI1, LRP4, LGR4, TMEM79 1.980591569 1 0.297234127 54.24636887 
GO:0046632~alpha-beta T cell 
differentiation 
12 0.879765396 0.038572571 SATB1, GATA3, BCL11B, BCL2, IRF1, LEF1, BCL6, IRF4, RORA, FOXP3, PNP, FOXP1 1.980591569 1 0.297234127 54.24636887 
GO:2000649~regulation of sodium ion 
transmembrane transporter activity 
7 0.513196481 0.038894474 CAV3, FXYD2, SCN2B, NEDD4, ANK3, NEDD4L, ATP1A2 2.747847762 1 0.299048654 54.54991223 
GO:0032309~icosanoid secretion 7 0.513196481 0.038894474 PNPLA8, ACE, DRD2, LHCGR, PLA2G6, BDKRB2, ACSL4 2.747847762 1 0.299048654 54.54991223 
GO:0009395~phospholipid catabolic 
process 7 0.513196481 0.038894474 PNPLA8, PLA2G15, NAPEPLD, PLCG1, SMPD1, ABHD12, PLA2G4D 2.747847762 1 0.299048654 54.54991223 
GO:0043241~protein complex disassembly 17 1.246334311 0.039015134 DBNL, LIMA1, STMN3, SWAP70, MAP1A, SYNJ1, TNP1, MYH9, MID1, OGFOD1, PPP1R9B, PLEKHH2, TMOD2, VPS4A, STMN1, ADD2, MAP6D1 1.714678812 1 0.299543798 54.66319686 
GO:0043242~negative regulation of 
protein complex disassembly 
10 0.73313783 0.039235645 DBNL, LIMA1, SWAP70, PLEKHH2, MAP1A, TMOD2, MYH9, MID1, ADD2, MAP6D1 2.167811668 1 0.300687225 54.86953621 
GO:0008625~extrinsic apoptotic signaling 
pathway via death domain receptors 
10 0.73313783 0.039235645 PEA15, MOAP1, DAB2IP, TRPS1, BCL2, SERPINE1, MAL, TMBIM1, HGF, RNF34 2.167811668 1 0.300687225 54.86953621 
GO:0051896~regulation of protein kinase 
B signaling 
16 1.173020528 0.039942512 CAV3, GCNT2, DRD2, AXL, DAG1, MSTN, ITSN1, SIRT1, SRC, HPSE, GATA3, VEGFA, RRAS, KLF4, RNF41, THPO 1.747288803 1 0.304975248 55.52498104 
GO:0002446~neutrophil mediated 
immunity 
6 0.439882698 0.039957404 IRAK4, ACE, ABR, LYST, TREM1, VAMP2 3.11235818 1 0.304775937 55.53869204 
GO:0030224~monocyte differentiation 6 0.439882698 0.039957404 ZBTB46, PPARG, VEGFA, INPP5D, MYH9, MYC 3.11235818 1 0.304775937 55.53869204 
GO:0001558~regulation of cell growth 37 2.712609971 0.040083671 
CAV3, SYT1, FXYD2, PPARG, WISP2, FAM107A, MYOCD, MAPT, BCL2, SEMA3E, CDA, BCL6, NEDD4L, LGI1, ACSL4, RAB21, DISC1, DAB2IP, SMAD4, ADIPOR2, 
TP53, LEF1, GAS1, SIRT1, PPP1R9B, SEMA6A, EI24, HNF4A, SEMA4F, CXCL16, VEGFA, TRIM32, SEMA4C, SEMA4B, AKAP6, DNAJB2, IGFBP3 1.388631815 1 0.305295084 55.65478345 
GO:0043122~regulation of I-kappaB 
kinase/NF-kappaB signaling 23 1.686217009 0.04017437 
ZMYND11, DAB2IP, SLC44A2, PPM1A, NFKBIA, TNFSF14, FKBP1A, EDAR, RORA, PRKCE, SIRT1, TRIM62, PRKCB, IRAK4, PRKD1, PRKCQ, IKBKE, ZDHHC17, 
UACA, HDAC1, TRIM32, LTF, MAP3K14 1.553766409 1 0.305583912 55.73799582 
GO:0045321~leukocyte activation 64 4.692082111 0.04021819 
VTCN1, SNCA, TNFSF14, RORA, ZEB1, FES, TPD52, PNP, CD47, WNT1, ATG5, GATA3, SERPINE1, MS4A2, PAG1, SATB1, EFNB3, EFNB1, FLOT2, TP53, LEF1, 
DLL1, CDK6, NFAM1, MYH9, PRKCE, PRKCB, CRHR1, PRKCQ, LYST, ADK, VAMP2, PLA2G2F, SUPT6H, CPLX2, UNG, SOX4, FKBP1A, SNX4, KIT, FKBP1B, XBP1, 
BCL2, BCL11B, PVRL2, BCL6, INPP5D, SELPLG, IL2RB, ABR, CR2, SWAP70, AXL, WHSC1, DOCK8, FOXP3, FOXP1, NOTCH2, PKNOX1, NEDD4, SLC7A2, IRF1, 
IRF4, RNF41 
1.266427307 1 0.30557074 55.77814496 
GO:0002763~positive regulation of 
myeloid leukocyte differentiation 9 0.659824047 0.040246212 ASXL2, CALCA, NOTCH2, CREB1, CCR1, LEF1, KITLG, PPARGC1B, CSF1R 2.293316554 1 0.30545618 55.80380209 
GO:0016079~synaptic vesicle exocytosis 8 0.586510264 0.040350959 SYT1, STX1A, CPLX2, TRIM9, SYNJ1, ADGRL1, VAMP2, PCLO 2.472227774 1 0.305833915 55.89958298 
GO:0070936~protein K48-linked 
ubiquitination 
8 0.586510264 0.040350959 SYVN1, UBE2K, UBE2G1, HACE1, RNF216, NEDD4L, UBE2H, RNF34 2.472227774 1 0.305833915 55.89958298 
GO:0045668~negative regulation of 
osteoblast differentiation 
8 0.586510264 0.040350959 NOTCH1, FGF23, SKI, CDK6, AREG, AXIN2, TWIST2, FNDC3B 2.472227774 1 0.305833915 55.89958298 
GO:0031669~cellular response to nutrient 
levels 45 3.299120235 0.040387812 
SCN1A, CRNKL1, SLC6A1, ATG13, PPARG, HK1, CALCOCO2, PEX3, RRAGD, NR2C2, RIMS3, CALCB, GMIP, ATG5, XBP1, BCL2, STX17, PAFAH1B2, DNM1L, 
ATG9A, MAP2K1, MAP1A, ZDHHC8, TP53, FGF23, CHST3, MSTN, WIPI2, USF1, ZCCHC17, SIRT1, KCNK3, FAM131B, WNT2B, TBC1D25, INHBB, NCOA1, 
UCN2, ATG4B, WNT9B, MEX3C, ATPIF1, TREM1, TP53INP2, TP53INP1 
1.336595537 1 0.305775936 55.9332338 
GO:0060249~anatomical structure 
homeostasis 
32 2.346041056 0.040638769 CAV3, ALDOA, CLDN18, HNF1A, GCNT2, HOXA13, STRAP, ILDR2, SRC, CALCA, SLX4, LPCAT1, BCL2, LTF, NAT10, TNKS, INPP5D, MUC2, NCDN, MAP1A, MSTN, 
PFKM, PPARGC1B, BBS1, PRKCQ, VSIG1, GPR55, OBFC1, TRIM32, VEGFA, PDGFRB, TP53INP2 
1.430088682 1 0.307086692 56.16174259 
GO:0007584~response to nutrient 29 2.126099707 0.040654046 ARSB, LDHA, PPARG, HMGCS1, FKBP1B, CXCL10, TPCN2, SLC16A1, ACSL1, XBP1, MAPT, BCL2, ACSL4, NQO1, MUC2, NOS1, TP53, ADIPOR2, FGF23, SIRT1, 
USF1, PRKCB, CCND1, NCOA1, UCP3, VEGFA, STC1, DPYD, SLC27A4 
1.462520163 1 0.306889912 56.17561665 
GO:2000278~regulation of DNA 
biosynthetic process 
11 0.806451613 0.04069538 PRKCQ, OBFC1, PPARG, TP53, PDGFRB, TNKS, HGF, GRHL2, MYC, KLF4, SRC 2.048304101 1 0.306859645 56.21313384 
GO:0034446~substrate adhesion-
dependent cell spreading 
11 0.806451613 0.04069538 CORO1C, SRCIN1, AKIP1, PEAK1, FGFRL1, AXL, MYADM, SRC, FNDC3B, SRGAP2, PARVA 2.048304101 1 0.306859645 56.21313384 
GO:0046488~phosphatidylinositol 
metabolic process 
15 1.099706745 0.040715286 PGAP2, PIGZ, DRD2, SYNJ1, PI4KB, PIP5K1A, TMEM55A, PDGFRB, INPP5D, PLCB1, INPP5B, HTR2C, PIK3R2, HTR2A, CSF1R 1.785779284 1 0.306692997 56.23118997 
GO:0032259~methylation 30 2.19941349 0.041084483 KMT2D, RAB3B, ARID4A, ARID4B, CTCFL, WTAP, PRMT2, XBP1, PAX7, GATA3, METTL1, RTF1, GATAD2B, TGS1, BAZ2A, KMT5B, ASXL2, SATB1, METTL4, 
MTA2, SMAD4, WHSC1, TRMT61A, SIRT1, PHF19, NOP2, KDM4C, IRF4, NSD1, SUPT6H 
1.452433817 1 0.308746049 56.56481429 
GO:0060978~angiogenesis involved in 
coronary vascular morphogenesis 
3 0.219941349 0.041117597 ACE, VEGFA, PDGFRB 8.714602904 1 0.308661849 56.59461938 
GO:1900086~positive regulation of 
peptidyl-tyrosine autophosphorylation 
3 0.219941349 0.041117597 ACE, VEGFA, CTNND1 8.714602904 1 0.308661849 56.59461938 
GO:0034773~histone H4-K20 
trimethylation 
3 0.219941349 0.041117597 ARID4A, ARID4B, KMT5B 8.714602904 1 0.308661849 56.59461938 
GO:0072104~glomerular capillary 
formation 
3 0.219941349 0.041117597 NOTCH3, PDGFRA, PDGFRB 8.714602904 1 0.308661849 56.59461938 
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GO:0072103~glomerulus vasculature 
morphogenesis 3 0.219941349 0.041117597 NOTCH3, PDGFRA, PDGFRB 8.714602904 1 0.308661849 56.59461938 
GO:0061419~positive regulation of 
transcription from RNA polymerase II 
promoter in response to hypoxia 
3 0.219941349 0.041117597 NOTCH1, VEGFA, TP53 8.714602904 1 0.308661849 56.59461938 
GO:0030202~heparin metabolic process 3 0.219941349 0.041117597 NDST1, GLCE, HS2ST1 8.714602904 1 0.308661849 56.59461938 
GO:0031016~pancreas development 12 0.879765396 0.041392722 ACVR2B, HNF1A, XBP1, MET, ONECUT2, SOX4, DLL1, ILDR2, CDK6, IL6R, SIDT2, MYT1 1.958337731 1 0.310108794 56.84150184 
GO:0042475~odontogenesis of dentin-
containing tooth 
12 0.879765396 0.041392722 ACVR2B, DLX1, PVRL1, HDAC1, BCL11B, ENAM, PDGFRA, LEF1, ROGDI, EDAR, LRP4, PRKCB 1.958337731 1 0.310108794 56.84150184 
GO:0043254~regulation of protein 
complex assembly 
35 2.565982405 0.041594745 
CAV3, SNX9, CHMP3, HNF1A, WASF1, SNCA, MITF, PPM1A, FES, SRC, TRIM9, MAPT, BMF, FOSL1, SAR1A, PIK3R2, DBNL, STX1A, DAB2IP, DNM1L, GBP5, 
CREB1, TP53, MYH9, PRKCE, MYADM, FARP2, GMFB, TPPP, VEGFA, TMOD2, SVIP, CLIP3, STMN1, ADD2 
1.400418281 1 0.311089132 57.02193693 
GO:0090257~regulation of muscle system 
process 
22 1.612903226 0.041869386 
CAV3, SCN2B, MAP2K1, MRVI1, MSTN, ATP1A2, FKBP1B, CALCA, ECE1, MYOCD, ANK2, HSPB6, NEDD4, PLN, ADK, PDE4B, AKAP6, GUCY1A3, STC1, NEDD4L, 
KLF4, ADRA1D 
1.566350195 1 0.312522734 57.26608148 
GO:0032088~negative regulation of NF-
kappaB transcription factor activity 
10 0.73313783 0.042576451 IRAK2, NLRC5, DAB2IP, PTGIS, PRMT2, NFKBIA, FOXP3, SIRT1, TRIM21, KLF4 2.135932084 1 0.316656212 57.8885876 
GO:0051656~establishment of organelle 
localization 
28 2.052785924 0.042618133 
SYT1, CPLX2, CHMP3, SNCA, TH, SYNJ1, CHMP7, AP3S2, GPR143, SPICE1, RIMS4, RIMS3, KIF13A, AP1S2, TRIM9, MAPT, TOR1A, SEC16A, PVRL2, VPS4A, 
STX1A, TMEM201, MAP2K1, CDC23, MYH9, PCLO, ADGRL1, VAMP2 
1.468164147 1 0.316618225 57.92501479 
GO:0071902~positive regulation of protein 
serine/threonine kinase activity 
26 1.906158358 0.043252536 
IRAK2, DAB2IP, MAP2K1, IL1RN, MET, SNCA, KITLG, LPAR2, HGF, KIT, SIRT1, TP73, SRC, EPHA4, CCND1, ACSL1, MDFIC, VEGFA, GAB1, AKAP6, LTF, TGFA, 
PDGFRB, MARCKS, HTR2A, CSF1R 
1.492619733 1 0.320265883 58.4757569 
GO:0031648~protein destabilization 7 0.513196481 0.043602774 PEX2, XBP1, SNCA, SIRT6, SIRT1, TRIM21, SRC 2.675535979 1 0.322133897 58.77686712 
GO:1903729~regulation of plasma 
membrane organization 11 0.806451613 0.04384413 PID1, PPP1R9B, CNST, PPP2R5A, PPFIA1, VPS4A, RHOQ, LYPLAL1, CLIP3, TMBIM1, PIK3R2 2.022376201 1 0.323322366 58.98316054 
GO:0021695~cerebellar cortex 
development 9 0.659824047 0.04398791 DIXDC1, B4GALT2, TRNP1, MAP2K1, NEUROD2, DLL1, RORA, UQCRQ, FAIM2 2.253776613 1 0.323906219 59.10558659 
GO:0045980~negative regulation of 
nucleotide metabolic process 9 0.659824047 0.04398791 OPRM1, PID1, DRD2, GRM7, TP53, AKAP6, CDA, SIRT6, CBFA2T3 2.253776613 1 0.323906219 59.10558659 
GO:0090278~negative regulation of 
peptide hormone secretion 9 0.659824047 0.04398791 INHBB, MAP4K4, NOS1, HDAC1, DRD2, PPARG, SIRT1, IRS1, FKBP1B 2.253776613 1 0.323906219 59.10558659 
GO:0044712~single-organism catabolic 
process 87 6.37829912 0.044130591 
DYNC1LI1, LDHA, SLC6A1, CRNKL1, SNCA, SYNJ1, PDE11A, PEX3, CBFA2T3, PNP, ATG5, PEX2, HPSE, GPX3, PDE4B, ABHD12, PLCB1, MYC, TBL1XR1, HYAL3, 
ATG9A, ZDHHC8, TP53, FGF23, CHST3, ERLIN1, PFKM, PRKCE, ZCCHC17, IRS1, PNPLA8, NAPEPLD, ATG4B, PGM1, PLA2G6, ATPIF1, TREM1, PCYOX1, 
SLC27A4, PLA2G2F, ALDOA, SCN1A, SYVN1, PFKFB3, PAFAH2, ABCD1, ATG13, CALCOCO2, HK1, NR2C2, RIMS3, CALCB, GMIP, STX17, TOR1A, IDH1, CDA, 
PAFAH1B2, GPD2, SHMT1, DNM1L, NCEH1, PLA2G15, NOS1, MAP2K1, MAP1A, MSTN, SIRT6, FUCA2, WIPI2, SIRT1, FAM131B, SGTA, KCNK3, TBC1D25, 
GBA3, PLCG1, MEX3C, SMPD1, SVIP, DNAJB2, DPYD, BCO2, TP53INP2, PLA2G4D, TP53INP1, HTR2A 
1.211521976 1 0.324481625 59.22673414 
GO:0030177~positive regulation of Wnt 
signaling pathway 
13 0.953079179 0.044313715 DIXDC1, WNT1, AMER1, PPP2R3A, RSPO1, PPM1A, SOX4, TNKS, SRC, LGR4, DISC1, MLLT3, WNT2B 1.86946927 1 0.325303274 59.38172111 
GO:0006022~aminoglycan metabolic 
process 
13 0.953079179 0.044313715 HYAL3, NDST1, CHST3, HGF, GLCE, HS2ST1, EGFLAM, XYLT1, CHST12, VEGFA, DSEL, PDGFRB, CHST13 1.86946927 1 0.325303274 59.38172111 
GO:0033555~multicellular organismal 
response to stress 
12 0.879765396 0.044352212 CRHR1, CALCA, RET, NOS1, GRM7, BCL2, NR4A2, NEUROD2, CACNA1E, RELN, HTR2C, GCH1 1.936578423 1 0.325237259 59.41423132 
GO:0001656~metanephros development 12 0.879765396 0.044352212 RET, APH1A, FAT4, GATA3, BCL2, SMAD4, PDGFRA, WNT9B, PDGFRB, MYC, CALB1, LGR4 1.936578423 1 0.325237259 59.41423132 
GO:0010039~response to iron ion 8 0.586510264 0.044549334 CCND1, DRD2, BCL2, SLC6A3, SNCA, CYBRD1, FKBP1A, NGB 2.420723029 1 0.326141053 59.58031449 
GO:0003283~atrial septum development 5 0.366568915 0.044555299 NOTCH2, ANK2, SOX4, WHSC1, MDM4 3.631084543 1 0.325875814 59.58532959 
GO:0072583~clathrin-mediated 
endocytosis 
5 0.366568915 0.044555299 UNC119, DLL1, FCHO2, GPR107, HIP1 3.631084543 1 0.325875814 59.58532959 
GO:0071425~hematopoietic stem cell 
proliferation 
5 0.366568915 0.044555299 WNT1, KITLG, ATXN1L, WNT2B, THPO 3.631084543 1 0.325875814 59.58532959 
GO:0044804~nucleophagy 5 0.366568915 0.044555299 ATG9A, ATG5, ATG4B, ATG13, WIPI2 3.631084543 1 0.325875814 59.58532959 
GO:0034349~glial cell apoptotic process 5 0.366568915 0.044555299 BCL2, CYCS, TP53, PRKCH, DLL1 3.631084543 1 0.325875814 59.58532959 
GO:0060314~regulation of ryanodine-
sensitive calcium-release channel activity 5 0.366568915 0.044555299 JPH3, PLN, AKAP6, FKBP1A, FKBP1B 3.631084543 1 0.325875814 59.58532959 
GO:0021859~pyramidal neuron 
differentiation 4 0.293255132 0.044725483 FOXG1, DCX, UQCRQ, DISC1 4.841446058 1 0.32661215 59.72817967 
GO:0007638~mechanosensory behavior 4 0.293255132 0.044725483 NRXN2, DRD2, CNTNAP2, FOXP2 4.841446058 1 0.32661215 59.72817967 
GO:0032793~positive regulation of CREB 
transcription factor activity 
4 0.293255132 0.044725483 PRKD1, CRTC1, VEGFA, RELN 4.841446058 1 0.32661215 59.72817967 
GO:0043632~modification-dependent 
macromolecule catabolic process 
47 3.445747801 0.04476623 
RAD23B, DYNC1LI1, FZR1, HECW2, USP8, SYVN1, UBE2G1, VPS37A, RNF216, CBFA2T3, WNT1, TRIM67, XBP1, KLHL25, TRIM9, RNF165, TOR1A, VPS4A, 
NEDD4L, RNF34, DISC1, USP31, TBL1XR1, DAB2IP, ANKS1A, HERC6, CDC23, HACE1, ERLIN1, SOCS4, UBE2H, UBR1, SIRT1, SGTA, HSPBP1, UHRF2, UBE2K, 
NEDD4, UBA1, TRIM32, DNAJB2, SVIP, PCYOX1, USP24, TP53INP2, CLOCK, FBXO10 
1.317845355 1 0.326558881 59.76231108 
GO:0050654~chondroitin sulfate 
proteoglycan metabolic process 6 0.439882698 0.045647262 EGFLAM, XYLT1, CHST12, DSEL, CHST3, CHST13 3.005035484 1 0.331597311 60.49361372 
GO:1900180~regulation of protein 
localization to nucleus 
22 1.612903226 0.045702155 CLDN18, LZTS2, DAB2IP, PPM1A, PPP3R1, SMAD4, LMNA, NFKBIA, TNFSF14, EDAR, SIRT1, PKIA, SRC, PRKCQ, TMEM173, UACA, HNF4A, XBP1, MDFIC, 
AKAP6, AXIN2, PIK3R2 
1.551142912 1 0.33162452 60.53875702 
GO:0070646~protein modification by small 
protein removal 
15 1.099706745 0.045711824 USP8, FAM175B, COPS7B, FAM76A, ATXN7L3, TRIM21, SENP3, OTUD3, USP54, ATXN7, TOR1A, DNAJB2, UCK2, USP24, USP31 1.756976392 1 0.331379142 60.54670432 
GO:0042594~response to starvation 44 3.225806452 0.045832947 
SCN1A, CRNKL1, SLC6A1, PPARG, ATG13, HK1, CALCOCO2, PEX3, RRAGD, NR2C2, RIMS3, CALCB, GMIP, ATG5, XBP1, BCL2, STX17, SERPINE1, PAFAH1B2, 
DNM1L, ATG9A, MAP2K1, MAP1A, ZDHHC8, IL1RN, AK3, TP53, CHST3, MSTN, WIPI2, ZCCHC17, SIRT1, KCNK3, FAM131B, WNT2B, TBC1D25, INHBB, ATG4B, 
WNT9B, MEX3C, ATPIF1, TREM1, TP53INP2, TP53INP1 
1.331397666 1 0.331805239 60.64612257 
GO:0010976~positive regulation of neuron 28 2.052785924 0.04591718 ARSB, SYT1, CPEB3, CRTC1, FES, FKBP1B, TRIM67, MAPT, EEF2K, NEDD4L, DISC1, LRRC7, RAB21, DIXDC1, RET, PTPRD, DAB2IP, MAP2K1, MET, HGF, SIRT1, 1.457639673 1 0.332008535 60.71512187 
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projection development NUMBL, PRKD1, EPHA4, VEGFA, MARCKS, RELN, CUX1 
GO:0010676~positive regulation of cellular 
carbohydrate metabolic process 
10 0.73313783 0.046103204 HNF4A, LHCGR, SNCA, ARPP19, PRKCE, SIRT1, IRS1, MYC, SRC, HTR2A 2.104976547 1 0.332822037 60.86709526 
GO:0048168~regulation of neuronal 
synaptic plasticity 
10 0.73313783 0.046103204 SHISA7, JPH3, NCDN, DRD2, SNCA, CNTN2, BCAN, KIT, NETO1, EPHB2 2.104976547 1 0.332822037 60.86709526 
GO:0050805~negative regulation of 
synaptic transmission 
10 0.73313783 0.046103204 S1PR2, NOS1, GNAI2, SLC6A1, DRD2, MAPT, SNCA, PLA2G6, GRID2IP, HTR2A 2.104976547 1 0.332822037 60.86709526 
GO:0034329~cell junction assembly 18 1.319648094 0.046566023 GJD3, ROCK1, MYO1C, PRKCH, PIP5K1A, GRHL2, SNAI1, SRC, VCL, CORO1C, ACE, ANK2, BCL2, MARVELD3, VEGFA, PKP4, CNTNAP1, NEDD4L 1.644264699 1 0.335287501 61.24277893 
GO:0071773~cellular response to BMP 
stimulus 18 1.319648094 0.046566023 BMP3, PPM1A, SMAD4, LEF1, SKI, GREM2, TMPRSS6, WNT1, NOTCH2, NOTCH1, RGMB, ACVR2B, DKK1, RNF165, GATA3, HEYL, BMP8B, LRP4 1.644264699 1 0.335287501 61.24277893 
GO:0071772~response to BMP 18 1.319648094 0.046566023 BMP3, PPM1A, SMAD4, LEF1, SKI, GREM2, TMPRSS6, WNT1, NOTCH2, NOTCH1, RGMB, ACVR2B, DKK1, RNF165, GATA3, HEYL, BMP8B, LRP4 1.644264699 1 0.335287501 61.24277893 
GO:0031346~positive regulation of cell 
projection organization 
34 2.492668622 0.046604737 ARSB, SYT1, CPEB3, CRTC1, RHOQ, KIT, FES, FKBP1B, SRC, WNT1, TRIM67, MAPT, EEF2K, NEDD4L, LRRC7, RAB21, DISC1, DIXDC1, RET, PTPRD, DAB2IP, 
MAP2K1, MET, HGF, SIRT1, NUMBL, PRKD1, CORO1C, PRKCQ, EPHA4, VEGFA, MARCKS, RELN, CUX1 
1.394992932 1 0.335214067 61.27404862 
GO:0044255~cellular lipid metabolic 
process 72 5.278592375 0.047284942 
HNF1A, SGPP1, PRKAG1, SNCA, SYNJ1, PPARG, ALG6, PLPPR2, PIP5K1A, CDS2, PTGIS, PEX2, ABHD12, PLCB1, PGAP2, DAB2IP, PIGZ, ERLIN1, PI4KB, IRS1, 
BBS1, PNPLA8, NAPEPLD, DGAT1, ANKRD23, HNF4A, LYST, PDGFRA, PDGFRB, PLA2G6, ORMDL3, MECR, SLC27A4, PLA2G2F, PLPP5, CAV3, DRD2, ABCD1, 
TH, HMGCS1, CERS6, CERS5, ST8SIA3, KIT, SRC, ACSL1, LPCAT1, ITGB8, SERINC1, PER2, IDH1, INPP5D, ACSL4, INPP5B, CSF1R, PIK3R2, PLA2G15, PDK3, 
SIRT1, TMEM55A, RDH12, GBA3, RDH11, UCP3, PLCG1, SMPD1, DGKZ, HTR2C, KLF4, BCO2, PLA2G4D, HTR2A 
1.233198524 1 0.338954021 61.81956139 
GO:0043588~skin development 24 1.759530792 0.047413239 
MAP2K1, SMAD4, CTNND1, PRKCH, LEF1, DLL1, EDAR, GRHL2, COL5A2, SNAI1, LGR4, FOXQ1, NOTCH1, DKK1, OVOL2, HDAC1, HPSE, BCL2, BCL11B, TRPS1, 
OVOL1, LRP4, TMEM79, SLC27A4 
1.509022148 1 0.339407701 61.92163256 
GO:0031109~microtubule polymerization 
or depolymerization 
12 0.879765396 0.047453549 CAV3, STMN3, TPPP, MAP1A, MAPT, SNCA, STMN1, CLIP3, FES, MID1, MAP7D3, MAP6D1 1.915297341 1 0.339340016 61.95364862 
GO:0010001~glial cell differentiation 23 1.686217009 0.047615979 
GFAP, MAP2K1, PPARG, MET, PPP3R1, DAG1, SOX4, LEF1, SKI, DLL1, LIN28A, TP73, MYCN, EPHA4, DLX1, NOTCH1, KCNQ3, HDAC1, BCL2, CNTN2, MYRF, 
RELN, ADAM22 
1.525387114 1 0.339993603 62.08240013 
GO:0007595~lactation 9 0.659824047 0.047951456 CCND1, NCOA1, PRLR, XBP1, CREB1, SLC6A3, MET, VEGFA, NCOR2 2.215577009 1 0.341663937 62.34701083 
GO:0001836~release of cytochrome c from 
mitochondria 9 0.659824047 0.047951456 MOAP1, DNM1L, BCL2, TP53, LMNA, PLA2G6, HGF, BMF, TP73 2.215577009 1 0.341663937 62.34701083 
GO:0033059~cellular pigmentation 7 0.513196481 0.048652571 KIF13A, TRAPPC6A, MAP2K1, LYST, RAB29, BCL2, GPR143 2.606932493 1 0.345467812 62.89436888 
GO:0021884~forebrain neuron 
development 
7 0.513196481 0.048652571 NRP2, DRD2, FOXG1, CNTN2, DCX, UQCRQ, DISC1 2.606932493 1 0.345467812 62.89436888 
GO:0043551~regulation of 
phosphatidylinositol 3-kinase activity 
7 0.513196481 0.048652571 DAB2IP, PDGFRA, PDGFRB, IRS1, KLF4, SRC, PIK3R2 2.606932493 1 0.345467812 62.89436888 
GO:0048871~multicellular organismal 
homeostasis 
31 2.272727273 0.049012637 
CLDN18, HNF1A, GCNT2, HOXA13, STRAP, DRD2, ILDR2, SRC, CALCA, LPCAT1, BCL2, LTF, SCNN1G, INPP5D, TMEM79, MUC2, NCDN, MAP1A, IL1RN, AMPD2, 
PPARGC1B, BBS1, TNS2, VSIG1, GPR55, TRIM32, VEGFA, MEX3C, PDGFRB, TP53INP2, HTR2A 
1.415894602 1 0.347259961 63.17252603 
GO:0043550~regulation of lipid kinase 
activity 
8 0.586510264 0.049018454 DAB2IP, PPP2R5A, PDGFRA, PDGFRB, IRS1, KLF4, SRC, PIK3R2 2.371320518 1 0.346984376 63.17700367 
GO:0009267~cellular response to 
starvation 
40 2.93255132 0.049365223 
SCN1A, CRNKL1, SLC6A1, ATG13, HK1, CALCOCO2, PEX3, RRAGD, NR2C2, RIMS3, CALCB, GMIP, ATG5, XBP1, BCL2, STX17, PAFAH1B2, DNM1L, ATG9A, 
MAP2K1, ZDHHC8, MAP1A, TP53, CHST3, MSTN, WIPI2, ZCCHC17, SIRT1, KCNK3, FAM131B, WNT2B, TBC1D25, INHBB, ATG4B, WNT9B, MEX3C, ATPIF1, 
TREM1, TP53INP2, TP53INP1 
1.344846127 1 0.348690385 63.44298573 
GO:0007589~body fluid secretion 14 1.026392962 0.049435918 CREB1, SLC6A3, MET, CFTR, PRKCE, TP73, CCND1, NCOA1, ATG5, PRLR, XBP1, VEGFA, VAMP2, NCOR2 1.783690653 1 0.348790552 63.4969858 
GO:0055007~cardiac muscle cell 
differentiation 
14 1.026392962 0.049435918 CAV3, MET, LMNA, FOXP1, DKK1, MYOCD, XIRP1, ATG5, SPEG, VEGFA, PDGFRA, AKAP6, PDGFRB, RARB 1.783690653 1 0.348790552 63.4969858 
GO:0051602~response to electrical 
stimulus 
10 0.73313783 0.049819057 CRHR1, XBP1, BCL2, TH, NEUROD2, MSTN, RELN, DCX, SRC, DISC1 2.074905453 1 0.350697024 63.78833316 
GO:0042246~tissue regeneration 10 0.73313783 0.049819057 INA, NOTCH3, PRKCQ, NOTCH2, NOTCH1, UCN2, PAX7, SERPINE1, AXL, MSTN 2.074905453 1 0.350697024 63.78833316 
GO:0003006~developmental process 
involved in reproduction 
64 4.692082111 0.049959082 
HNF1A, ARID4A, LHCGR, ARID4B, PPARG, LGR4, PTGIS, MYOCD, GATA3, SERPINE1, WDR77, GAB1, CASP2, FOSL1, MYC, LEF1, CFTR, GRHL2, INHBB, CCND1, 
NCOA1, HNF4A, EIF2S2, VEGFA, MC2R, ASB1, WNT9B, PDGFRA, STC1, JMJD1C, KMT2D, TDRD6, HOXA13, HMGCS1, KITLG, KIT, LIN28A, SRC, ACE, PEG10, 
OVOL2, BCL2, PVRL2, IDH1, AGO4, PLAG1, CAPN5, MAP2K1, MET, AFF4, SMAD4, AXL, TNP1, SNAI1, SIRT1, WNT2B, CDKN1C, NOTCH2, PPP1R9B, NOTCH1, 
PRLR, GFRA1, AREG, BMP8B 
1.252773104 1 0.351194425 63.89425869 
GO:0045859~regulation of protein kinase 
activity 
58 4.252199413 0.049994942 
SRCIN1, SNCA, LPAR2, PDCD4, CCNE2, MYOCD, MDFIC, GAB1, LTF, TGFA, SPRED1, AGAP2, IRAK2, DAB2IP, CCDC88A, SOCS4, IL6R, PKIA, ACVR2B, CCND1, 
MAP3K15, HNF4A, VEGFA, PDGFRB, AKAP6, RELN, CAV3, SNX9, GNAI2, RTN4RL1, DRD2, ATG13, KITLG, BCCIP, KIT, SRC, CALCA, ACE, ACSL1, MLLT1, AXIN2, 
CSF1R, UNC119, MAP2K1, MET, IL1RN, HGF, OXSR1, SIRT1, TP73, CORO1C, CDKN1C, DUSP4, EPHA4, PRLR, SMPD1, MARCKS, HTR2A 
1.264882303 1 0.351090771 63.92133921 
GO:0042633~hair cycle 13 0.953079179 0.050250477 FOXQ1, NOTCH1, DKK1, HDAC1, HPSE, TRPS1, BCL2, SMAD4, EDAR, SNAI1, LRP4, LGR4, TMEM79 1.833168896 1 0.352250333 64.11375022 
GO:0014065~phosphatidylinositol 3-
kinase signaling 
13 0.953079179 0.050250477 DAB2IP, HGF, SIRT1, IRS1, NEDD4, XBP1, GATA3, PDGFRB, RELN, AGAP2, KLF4, PIK3R2, HTR2A 1.833168896 1 0.352250333 64.11375022 
GO:0042303~molting cycle 13 0.953079179 0.050250477 FOXQ1, NOTCH1, DKK1, HDAC1, HPSE, TRPS1, BCL2, SMAD4, EDAR, SNAI1, LRP4, LGR4, TMEM79 1.833168896 1 0.352250333 64.11375022 
GO:0034284~response to monosaccharide 26 1.906158358 0.050444648 
LDHA, HNF1A, TH, SOX4, ILDR2, SIDT2, FKBP1B, NPTX1, ACE, XBP1, BCL2, SERPINE1, PLCB1, GJD3, PDK3, MET, CFTR, SIRT1, PRKCB, MAP4K4, PRKCQ, 
ACVR2B, HNF4A, PLA2G6, VAMP2, GLP1R 
1.469388298 1 0.353054004 64.25930422 
GO:0051149~positive regulation of muscle 
cell differentiation 
11 0.806451613 0.050628324 CAV3, MYOCD, BCL2, TRIM32, AKAP6, TNFSF14, PLCB1, NEK5, IGFBP3, NR2C2, FOXP1 1.972440986 1 0.353795105 64.3964749 
GO:0006937~regulation of muscle 
contraction 
17 1.246334311 0.050667654 CAV3, MAP2K1, SCN2B, MRVI1, ATP1A2, FKBP1B, CALCA, MYOCD, ANK2, HSPB6, PLN, PDE4B, AKAP6, GUCY1A3, STC1, NEDD4L, ADRA1D 1.657139255 1 0.353709439 64.42578203 
GO:0055080~cation homeostasis 53 3.885630499 0.051105212 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, ANK3, MS4A2, SLC25A27, MYC, DISC1, RAP1GDS1, TP53, CFTR, PRKCE, PRKCB, 
PRKD1, CRHR1, SLC26A9, PGM1, PDGFRA, AKAP6, PLA2G6, STC1, GLP1R, GPR12, CALCR, CAV3, DRD2, CCR1, FKBP1A, BDKRB2, FKBP1B, TPCN2, CALCA, 
BCL2, SCNN1G, SLC31A2, NOS1, SWAP70, SMAD4, ATP1A2, TMPRSS6, KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.282983205 1 0.355894256 64.75028746 
GO:0048732~gland development 49 3.592375367 0.051219831 
HNF1A, RAP1GAP, HOXA13, DRD2, SLC6A3, TFCP2L1, ONECUT2, HMGCS1, DAG1, NFKBIA, CTNND1, SRC, WNT1, XBP1, BCL2, GATA3, BCL11B, WDR77, 
POU2F1, TGFA, AGAP2, MYC, PLAG1, SLC12A2, MAP2K1, CREB1, MET, SIX3, AK3, NTN4, SMAD4, LEF1, AK4, EDAR, HGF, IRS1, CRHR1, INHBB, CDKN1C, 
NOTCH2, NOTCH1, NCOA1, CCND1, PRLR, VEGFA, PDGFRA, PDGFRB, AREG, NCOR2 
1.29634348 1 0.356234909 64.83482713 
GO:0007162~negative regulation of cell 24 1.759530792 0.051356593 PLET1, GCNT2, MAP2K1, SRCIN1, SWAP70, VTCN1, PODXL, IL1RN, LEF1, FOXP3, MYADM, SRC, CORO1C, WNT1, CDH13, NOTCH1, SEMA3E, VEGFA, 1.496069168 1 0.35670036 64.93544595 
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adhesion SERPINE1, IRF1, BCL6, KLF4, PAG1, PLA2G2F 
GO:0009749~response to glucose 24 1.759530792 0.051356593 
LDHA, HNF1A, GJD3, PDK3, MET, TH, SOX4, ILDR2, CFTR, SIDT2, SIRT1, FKBP1B, PRKCB, MAP4K4, PRKCQ, NPTX1, ACE, ACVR2B, HNF4A, XBP1, SERPINE1, 
PLA2G6, VAMP2, GLP1R 
1.496069168 1 0.35670036 64.93544595 
GO:0031000~response to caffeine 6 0.439882698 0.051794628 HDAC1, BCL2, PPARG, TP53, FKBP1A, IRS1 2.904867635 1 0.358869169 65.25588139 
GO:0070328~triglyceride homeostasis 6 0.439882698 0.051794628 HNF4A, XBP1, SLC25A27, RORA, SIRT1, GPIHBP1 2.904867635 1 0.358869169 65.25588139 
GO:0055090~acylglycerol homeostasis 6 0.439882698 0.051794628 HNF4A, XBP1, SLC25A27, RORA, SIRT1, GPIHBP1 2.904867635 1 0.358869169 65.25588139 
GO:1900744~regulation of p38MAPK 
cascade 
6 0.439882698 0.051794628 CAV3, DAB2IP, MET, VEGFA, ULK4, HGF 2.904867635 1 0.358869169 65.25588139 
GO:0032872~regulation of stress-
activated MAPK cascade 
21 1.539589443 0.052022986 
CAV3, DIXDC1, ZMYND11, DAB2IP, MAP2K1, IL1RN, MET, ULK4, HGF, MID1, PDCD4, TP73, MAP4K4, EPHA4, MDFIC, SERPINF2, MARVELD3, VEGFA, GAB1, 
SEMA4C, PLCB1 
1.548279704 1 0.359845893 65.4218271 
GO:0002792~negative regulation of 
peptide secretion 
9 0.659824047 0.052140242 INHBB, MAP4K4, NOS1, HDAC1, DRD2, PPARG, SIRT1, IRS1, FKBP1B 2.178650726 1 0.360194141 65.5067439 
GO:0001976~neurological system process 
involved in regulation of systemic arterial 
blood pressure 
5 0.366568915 0.052145274 CALCA, NAV2, DRD2, ASIC2, ADRA1D 3.458175755 1 0.359910441 65.51038357 
GO:0003171~atrioventricular valve 
development 
5 0.366568915 0.052145274 NOTCH1, HEYL, SMAD4, SOX4, MDM4 3.458175755 1 0.359910441 65.51038357 
GO:0060074~synapse maturation 5 0.366568915 0.052145274 DAB2IP, NEUROD2, NFATC4, RELN, ADGRL1 3.458175755 1 0.359910441 65.51038357 
GO:0098771~inorganic ion homeostasis 54 3.958944282 0.05275971 
OPRM1, JPH3, ADCY5, LHCGR, SNCA, CXCL11, CALB1, CXCL10, ATG5, ANK2, ANK3, MS4A2, SLC25A27, MYC, DISC1, RAP1GDS1, TP53, FGF23, CFTR, PRKCE, 
PRKCB, PRKD1, CRHR1, SLC26A9, PGM1, PDGFRA, AKAP6, PLA2G6, STC1, GLP1R, GPR12, CALCR, CAV3, DRD2, CCR1, FKBP1A, BDKRB2, FKBP1B, TPCN2, 
CALCA, BCL2, SCNN1G, SLC31A2, NOS1, SWAP70, SMAD4, ATP1A2, TMPRSS6, KCNK3, PLCG1, PLN, HTR2C, ADRA1D, HTR2A 
1.275307742 1 0.363045363 65.9520822 
GO:2001242~regulation of intrinsic 
apoptotic signaling pathway 
17 1.246334311 0.053262136 PGAP2, DNM1L, SYVN1, TP53, RAD9A, BDKRB2, DAPK2, SIRT1, SNAI1, SRC, TP73, EI24, HDAC1, XBP1, BCL2, TRIM32, CREB3L1 1.64609166 1 0.365536662 66.30926335 
GO:1901657~glycosyl compound 
metabolic process 
33 2.419354839 0.053499053 
ALDOA, LDHA, PFKFB3, SNCA, TH, HK1, RHOQ, CBFA2T3, PNP, CDA, DLG3, UCK2, MYC, PID1, DNM1L, CYCS, AK3, TP53, NDUFC2, SIRT6, PFKM, ATP1A2, 
AK4, FUCA2, AMPD2, AK9, GBA3, SDHC, ADK, ATPIF1, DPYD, AHCYL2, HTR2A 
1.385269248 1 0.3665403 66.47645332 
GO:0001503~ossification 37 2.712609971 0.05357837 
CALCR, PDLIM7, CCR1, JAG1, LGR4, CALCA, FAT4, BCL2, LTF, CREB3L1, AXIN2, TWIST2, FNDC3B, ASXL2, BMP3, SATB2, ESRRA, LMNA, LEF1, FGF23, SKI, 
CDK6, COL5A2, SNAI1, PPARGC1B, PRKD1, NOTCH1, ACVR2B, DKK1, VEGFA, STC1, AREG, IGFBP3, LRP4, TOB2, TP53INP2, SUCO 
1.357072001 1 0.366666252 66.53224989 
GO:0043124~negative regulation of I-
kappaB kinase/NF-kappaB signaling 
8 0.586510264 0.053761927 ZMYND11, DAB2IP, UACA, HDAC1, PPM1A, NFKBIA, RORA, SIRT1 2.323894108 1 0.367369617 66.66103832 
GO:0046850~regulation of bone 
remodeling 
8 0.586510264 0.053761927 CALCR, CALCA, CLDN18, VEGFA, INPP5D, PPARGC1B, CSF1R, SUCO 2.323894108 1 0.367369617 66.66103832 
GO:0030042~actin filament 
depolymerization 
8 0.586510264 0.053761927 DBNL, PPP1R9B, LIMA1, SWAP70, PLEKHH2, TMOD2, MYH9, ADD2 2.323894108 1 0.367369617 66.66103832 
GO:0010259~multicellular organismal 
aging 
7 0.513196481 0.05404765 INHBB, RNF165, TFCP2L1, TH, TP53, INPP5D, JMJD1C 2.54175918 1 0.36863547 66.86057281 
GO:0042093~T-helper cell differentiation 7 0.513196481 0.05404765 GATA3, LEF1, BCL6, IRF4, RORA, FOXP3, FOXP1 2.54175918 1 0.36863547 66.86057281 
GO:0045124~regulation of bone 
resorption 7 0.513196481 0.05404765 CALCR, CALCA, CLDN18, VEGFA, INPP5D, PPARGC1B, CSF1R 2.54175918 1 0.36863547 66.86057281 
GO:0044253~positive regulation of 
multicellular organismal metabolic process 7 0.513196481 0.05404765 SERPINF2, CLIC5, PPARG, PDGFRB, MKX, BMP8B, SUCO 2.54175918 1 0.36863547 66.86057281 
GO:0038127~ERBB signaling pathway 12 0.879765396 0.054090881 SHKBP1, CDH13, DAB2IP, CAMLG, FAM83A, PLCG1, GAB1, PTPRR, TGFA, SOCS4, AREG, SRC 1.874108151 1 0.368559456 66.89066422 
GO:0006612~protein targeting to 
membrane 
12 0.879765396 0.054090881 PACS1, ANK2, MYO1C, ATG4B, ANK3, CHM, CACNB1, SRPRA, PIP5K1A, PEX3, MYADM, SEC61A1 1.874108151 1 0.368559456 66.89066422 
GO:0055123~digestive system 
development 
19 1.392961877 0.054196598 CLDN18, HOXA13, VPS52, KIT, TP73, LGR4, CDKN1C, NOTCH1, ACVR2B, OVOL2, MYOCD, FAT4, XBP1, BCL2, TRPS1, GATA3, PDGFRA, RELN, RARB 1.58599095 1 0.368828068 66.96413978 
GO:0045216~cell-cell junction 
organization 
19 1.392961877 0.054196598 GJD3, ROCK1, PIP5K1A, GRHL2, MYADM, SRC, VCL, NUMBL, CORO1C, ACE, HNF4A, ANK2, PVRL1, BCL2, MARVELD3, VEGFA, PKP4, CNTNAP1, CSF1R 1.58599095 1 0.368828068 66.96413978 
GO:0045930~negative regulation of 
mitotic cell cycle 
19 1.392961877 0.054196598 DYNC1LI1, CTDSPL, TP53, SOX4, RAD9B, RAD9A, GAS1, FOXN3, TP73, BRINP1, CCND1, XPC, PRMT2, HNF4A, BCL2, OVOL1, DGKZ, CTDSP2, CASP2 1.58599095 1 0.368828068 66.96413978 
GO:0070302~regulation of stress-
activated protein kinase signaling cascade 
21 1.539589443 0.054297396 
CAV3, DIXDC1, ZMYND11, DAB2IP, MAP2K1, IL1RN, MET, ULK4, HGF, MID1, PDCD4, TP73, MAP4K4, EPHA4, MDFIC, SERPINF2, MARVELD3, VEGFA, GAB1, 
SEMA4C, PLCB1 
1.540460109 1 0.369068985 67.0340533 
GO:0052652~cyclic purine nucleotide 
metabolic process 
16 1.173020528 0.055147747 OPRM1, CALCR, NOS1, DRD2, ADCY5, LHCGR, AMPD2, CALCA, CRHR1, UCN2, ECE1, GRM7, MC2R, AKAP6, GUCY1A3, HTR2C 1.671866264 1 0.373417384 67.61828561 
GO:0019827~stem cell maintenance 16 1.173020528 0.055147747 ZHX2, SOX4, SKI, DLL1, JAG1, KIT, LIN28A, HOOK3, NOTCH1, PHF19, RTF1, MED27, WNT9B, BCL9L, JMJD1C, KLF4 1.671866264 1 0.373417384 67.61828561 
GO:0036065~fucosylation 4 0.293255132 0.055251312 FUT9, FUT8, FUT1, POFUT1 4.46902713 1 0.373666754 67.68876453 
GO:0071071~regulation of phospholipid 
biosynthetic process 
4 0.293255132 0.055251312 LPCAT1, IDH1, HTR2C, HTR2A 4.46902713 1 0.373666754 67.68876453 
GO:0045655~regulation of monocyte 
differentiation 
4 0.293255132 0.055251312 ZBTB46, INPP5D, MYC, FOXP1 4.46902713 1 0.373666754 67.68876453 
GO:0097531~mast cell migration 4 0.293255132 0.055251312 SWAP70, VEGFA, MITF, KIT 4.46902713 1 0.373666754 67.68876453 
GO:0045605~negative regulation of 
epidermal cell differentiation 4 0.293255132 0.055251312 NOTCH1, OVOL2, DLL1, GRHL2 4.46902713 1 0.373666754 67.68876453 
GO:0097193~intrinsic apoptotic signaling 
pathway 27 1.979472141 0.055754829 
SYVN1, SGPP1, BDKRB2, SRC, TMEM109, MOAP1, XBP1, CDIP1, BCL2, MAPT, CREB3L1, NFATC4, MYC, PGAP2, DAB2IP, DNM1L, TP53, RAD9A, SIRT1, SNAI1, 
TP73, IKBKE, EI24, UACA, HDAC1, UBE2K, TRIM32 1.441754157 1 0.376091962 68.02935023 
GO:0008643~carbohydrate transport 17 1.246334311 0.055947557 PID1, SLC2A13, RNASEL, HNF1A, MET, ADIPOR2, RHOQ, SIRT6, IRS1, PRKCB, SLC2A8, PEA15, MARCKS, SLC25A27, CLIP3, MYC, GLP1R 1.63519039 1 0.376820855 68.15880971 
GO:0031647~regulation of protein stability 22 1.612903226 0.056382082 SYVN1, FLOT2, DPH6, CREB1, SNCA, TP53, LRRC46, SOX4, SIRT6, SIRT1, SRC, TRIM21, COG3, ANK2, PEX2, XBP1, BCL2, TBRG1, DSC3, MDM4, GPIHBP1, 
ELMOD1 
1.514385971 1 0.37885476 68.44886499 
GO:0019935~cyclic-nucleotide-mediated 9 0.659824047 0.056557138 OPRM1, PDE7B, ADCY5, LHCGR, MRVI1, CXCL11, PCLO, GLP1R, CXCL10 2.14293514 1 0.379481335 68.56500828 
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signaling 
GO:0032922~circadian regulation of gene 
expression 
9 0.659824047 0.056557138 CRY2, HDAC1, DRD2, ADK, PER2, RORA, SIRT1, CLOCK, LGR4 2.14293514 1 0.379481335 68.56500828 
GO:1903902~positive regulation of viral 
life cycle 
9 0.659824047 0.056557138 PPIE, NOTCH1, CHMP3, MDFIC, LEF1, VPS37B, VPS4A, CHD1, TRIM21 2.14293514 1 0.379481335 68.56500828 
GO:0000209~protein polyubiquitination 19 1.392961877 0.056706443 
SYVN1, UBE2G1, PPIL2, CDC23, HACE1, MARCH8, RNF216, UBE2H, MARCH5, TRIM21, RNF165, UBE2K, NEDD4, BCL2, TRIM32, TNKS, NEDD4L, RNF34, 
RNF41 
1.576928144 1 0.379967533 68.66374545 
GO:0060173~limb development 20 1.46627566 0.05675869 RECK, HNF1A, HOXA13, SMAD4, SOX4, LEF1, AFF3, SKI, GAS1, GRHL2, MYCN, NOTCH2, NOTCH1, DKK1, ECE1, HDAC1, RNF165, FBXW4, RARB, LRP4 1.553405152 1 0.379930775 68.6982273 
GO:0048736~appendage development 20 1.46627566 0.05675869 RECK, HNF1A, HOXA13, SMAD4, SOX4, LEF1, AFF3, SKI, GAS1, GRHL2, MYCN, NOTCH2, NOTCH1, DKK1, ECE1, HDAC1, RNF165, FBXW4, RARB, LRP4 1.553405152 1 0.379930775 68.6982273 
GO:0007519~skeletal muscle tissue 
development 
20 1.46627566 0.05675869 MET, MSTN, FOXN2, SKI, DLL1, RCAN1, FOXP1, FOXP2, PLAGL1, NOTCH1, DDX17, DKK1, MYOCD, BCL2, PAX7, SVIL, HEYL, BCL9L, MYC, CSF1R 1.553405152 1 0.379930775 68.6982273 
GO:0006511~ubiquitin-dependent protein 
catabolic process 
45 3.299120235 0.057619064 
RAD23B, DYNC1LI1, FZR1, HECW2, USP8, SYVN1, UBE2G1, VPS37A, RNF216, CBFA2T3, WNT1, TRIM67, XBP1, KLHL25, TRIM9, RNF165, TOR1A, VPS4A, 
NEDD4L, RNF34, DISC1, USP31, TBL1XR1, DAB2IP, ANKS1A, HERC6, CDC23, HACE1, ERLIN1, SOCS4, UBE2H, UBR1, SIRT1, SGTA, HSPBP1, UHRF2, UBE2K, 
NEDD4, TRIM32, SVIP, DNAJB2, USP24, TP53INP2, CLOCK, FBXO10 
1.301982506 1 0.384221716 69.26090142 
GO:0008286~insulin receptor signaling 
pathway 12 0.879765396 0.057630951 PID1, SLC2A8, PRKCQ, SOGA1, MSTN, SOCS7, RHOQ, SIRT1, IRS1, SRC, PRKCB, PIK3R2 1.854170831 1 0.383965728 69.26860765 
GO:0010469~regulation of receptor 
activity 12 0.879765396 0.057630951 OPRM1, NETO2, CAV3, SERPINE1, HEYL, CACNG4, TGFA, SOCS4, RELN, CACNG2, PRKCE, PPARGC1B 1.854170831 1 0.383965728 69.26860765 
GO:0030510~regulation of BMP signaling 
pathway 11 0.806451613 0.058077951 NOTCH2, WNT1, NOTCH1, DKK1, HOXA13, RNF165, SMAD4, PPM1A, SKI, GREM2, TMPRSS6 1.924912288 1 0.386026297 69.55706651 
GO:0030193~regulation of blood 
coagulation 11 0.806451613 0.058077951 PRKCQ, GP5, THBD, HPSE, SERPINF2, SERPINE1, PDGFRA, ASIC2, STAB2, FAM46A, TMPRSS6 1.924912288 1 0.386026297 69.55706651 
GO:1900046~regulation of hemostasis 11 0.806451613 0.058077951 PRKCQ, GP5, THBD, HPSE, SERPINF2, SERPINE1, PDGFRA, ASIC2, STAB2, FAM46A, TMPRSS6 1.924912288 1 0.386026297 69.55706651 
GO:0050730~regulation of peptidyl-
tyrosine phosphorylation 
23 1.686217009 0.058256344 
UNC119, SRCIN1, TP53, KITLG, CTNND1, SOCS4, IL6R, KIT, HGF, PRKCE, SRC, ACE, HNF4A, HDAC1, VEGFA, IRF1, TGFA, PDGFRB, RELN, LRP4, HTR2A, CSF1R, 
EHD4 
1.491338294 1 0.38665344 69.67146786 
GO:0001953~negative regulation of cell-
matrix adhesion 
6 0.439882698 0.058401025 CORO1C, PLET1, SERPINE1, SEMA3E, BCL6, SRC 2.811162227 1 0.387100293 69.7639506 
GO:1902186~regulation of viral release 
from host cell 
6 0.439882698 0.058401025 CHMP3, TRIM32, VPS37B, VPS4A, TRIM62, TRIM21 2.811162227 1 0.387100293 69.7639506 
GO:0046839~phospholipid 
dephosphorylation 
6 0.439882698 0.058401025 PLPP5, SYNJ1, PLPPR2, INPP5D, INPP5B, TMEM55A 2.811162227 1 0.387100293 69.7639506 
GO:2000758~positive regulation of 
peptidyl-lysine acetylation 
6 0.439882698 0.058401025 RPS6KA4, NOS1, GATA3, SMAD4, SOX4, FOXP3 2.811162227 1 0.387100293 69.7639506 
GO:0050792~regulation of viral process 17 1.246334311 0.058725049 RNASEL, CHMP3, VPS37B, LEF1, TRIM10, TRIM62, TRIM21, PPIE, NOTCH1, HDAC1, MDFIC, BCL2, PVRL2, TRIM32, LTF, CHD1, VPS4A 1.624432559 1 0.388493482 69.97010091 
GO:0060428~lung epithelium 
development 8 0.586510264 0.058782564 MAP2K1, CREB1, PPP3R1, GRHL2, NCOR2, FNDC3B, FOXP1, FOXP2 2.278327556 1 0.388476871 70.00655344 
GO:0019933~cAMP-mediated signaling 8 0.586510264 0.058782564 OPRM1, PDE7B, ADCY5, LHCGR, CXCL11, PCLO, GLP1R, CXCL10 2.278327556 1 0.388476871 70.00655344 
GO:0046785~microtubule polymerization 8 0.586510264 0.058782564 CAV3, TPPP, MAPT, SNCA, STMN1, CLIP3, FES, MAP7D3 2.278327556 1 0.388476871 70.00655344 
GO:0030032~lamellipodium assembly 8 0.586510264 0.058782564 ABLIM1, CDH13, WNT1, CCDC88A, ABLIM3, KIT, SRGAP2, VCL 2.278327556 1 0.388476871 70.00655344 
GO:0032102~negative regulation of 
response to external stimulus 
28 2.052785924 0.058900489 DRD2, SLC6A3, PPARG, RORA, GP5, PTGIS, TKFC, XYLT1, GATA3, SERPINE1, SEMA3E, LTF, ABR, TP53, PADI2, HGF, FOXP3, TMPRSS6, SEMA6A, EPHA4, 
NOTCH1, UACA, THBD, SERPINF2, SEMA4F, SEMA4C, PDGFRA, SEMA4B 
1.421963178 1 0.388778558 70.08116179 
GO:0098598~learned vocalization 
behavior or vocal learning 
3 0.219941349 0.05890329 NRXN2, CNTNAP2, FOXP2 7.262169086 1 0.388473788 70.08293148 
GO:0061314~Notch signaling involved in 
heart development 
3 0.219941349 0.05890329 NOTCH1, JAG1, SNAI1 7.262169086 1 0.388473788 70.08293148 
GO:0044336~canonical Wnt signaling 
pathway involved in negative regulation of 
apoptotic process 
3 0.219941349 0.05890329 WNT1, MITF, MYC 7.262169086 1 0.388473788 70.08293148 
GO:1900084~regulation of peptidyl-
tyrosine autophosphorylation 3 0.219941349 0.05890329 ACE, VEGFA, CTNND1 7.262169086 1 0.388473788 70.08293148 
GO:1902035~positive regulation of 
hematopoietic stem cell proliferation 3 0.219941349 0.05890329 KITLG, ATXN1L, THPO 7.262169086 1 0.388473788 70.08293148 
GO:0006498~N-terminal protein lipidation 3 0.219941349 0.05890329 NMT2, PPM1A, MAP6D1 7.262169086 1 0.388473788 70.08293148 
GO:0042297~vocal learning 3 0.219941349 0.05890329 NRXN2, CNTNAP2, FOXP2 7.262169086 1 0.388473788 70.08293148 
GO:0098596~imitative learning 3 0.219941349 0.05890329 NRXN2, CNTNAP2, FOXP2 7.262169086 1 0.388473788 70.08293148 
GO:0038089~positive regulation of cell 
migration by vascular endothelial growth 
factor signaling pathway 
3 0.219941349 0.05890329 PRKD1, MYO1C, VEGFA 7.262169086 1 0.388473788 70.08293148 
GO:0045656~negative regulation of 
monocyte differentiation 3 0.219941349 0.05890329 ZBTB46, INPP5D, MYC 7.262169086 1 0.388473788 70.08293148 
GO:0007596~blood coagulation 18 1.319648094 0.059132247 F2RL2, METAP1, F8, AXL, MYH9, TMPRSS6, VCL, PRKCQ, GP5, THBD, HNF4A, IL10RB, HPSE, SERPINF2, LYST, PROZ, SERPINE1, PDGFRA 1.594134677 1 0.389358312 70.22727648 
GO:0018105~peptidyl-serine 
phosphorylation 
25 1.832844575 0.059232394 RET, NOS1, CSNK1G1, PDK3, MET, SNCA, HK1, PRKCH, BDKRB2, HGF, PRKCE, SRC, PRKCB, PRKD1, MAST3, PRKCQ, DKK1, RPS6KA4, SBK1, MAPK13, BCL2, 
VEGFA, TNKS, DCX, STK38L 
1.458266885 1 0.389564658 70.29020518 
GO:0032147~activation of protein kinase 
activity 
25 1.832844575 0.059232394 IRAK2, DAB2IP, CCDC88A, GNAI2, MAP2K1, DRD2, ATG13, MET, LPAR2, IL6R, HGF, KIT, OXSR1, TP73, SRC, CALCA, ACVR2B, MAP3K15, HNF4A, PRLR, MDFIC, 
GAB1, VEGFA, TGFA, AGAP2 
1.458266885 1 0.389564658 70.29020518 
GO:0000302~response to reactive oxygen 
species 
25 1.832844575 0.059232394 KLF6, LDHA, GNAO1, NOS1, MET, SNCA, AXL, TP53, HGF, SIRT1, FKBP1B, SRC, PPARGC1B, GCH1, UCP3, PLCG1, BCL2, SERPINE1, PDGFRA, PDGFRB, AREG, 
NGB, NQO1, FOSL1, KLF4 
1.458266885 1 0.389564658 70.29020518 
GO:0098742~cell-cell adhesion via plasma- 20 1.46627566 0.059258807 PVR, PTPRD, RET, CADM4, PTPRM, SDK2, IL1RN, FGFRL1, MYADM, ALCAM, CDH13, CDH9, FAT3, PVRL1, FAT4, FAT2, PVRL2, DSC3, ADGRL1, KLF4 1.545142359 1 0.389384194 70.30678122 
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membrane adhesion molecules 
GO:0006629~lipid metabolic process 92 6.744868035 0.059432356 
HNF1A, SGPP1, PPP2R5A, PRKAG1, LHCGR, SNCA, PPARG, SYNJ1, ALG6, PLPPR2, RORA, PIP5K1A, CALB1, STARD3, CDS2, ACBD3, SLC16A1, PTGIS, PEX2, 
ABHD12, PLCB1, TBL1XR1, PGAP2, DAB2IP, PIGZ, FGF23, CFTR, ERLIN1, PI4KB, PRKCE, IRS1, BBS1, PNPLA8, NAPEPLD, DGAT1, ANKRD23, HNF4A, LYST, 
PDGFRA, PDGFRB, PLA2G6, ORMDL3, MECR, SLC27A4, PLA2G2F, PLPP5, CAV3, PLCXD3, DRD2, PAFAH2, ABCD1, TH, CERS6, HMGCS1, CERS5, ST8SIA3, KIT, 
SRC, SULT4A1, ACSL1, LPCAT1, ITGB8, SERINC1, PER2, IDH1, PAFAH1B2, INPP5D, ACSL4, INPP5B, CSF1R, PIK3R2, NCEH1, PLA2G15, CREB1, PDK3, IL1RN, 
SLC10A2, SNAI1, SIRT1, TMEM55A, RDH12, GBA3, RDH11, UCP3, PLCG1, SMPD1, DGKZ, HTR2C, KLF4, BCO2, PLA2G4D, HTR2A 
1.184609142 1 0.389974269 70.4154767 
GO:1903792~negative regulation of anion 
transport 
7 0.513196481 0.059790483 NOS1, DRD2, GRM7, IL1RN, SNCA, GRK6, ACSL4 2.479765054 1 0.391525924 70.63858184 
GO:0002762~negative regulation of 
myeloid leukocyte differentiation 
7 0.513196481 0.059790483 CALCA, CLDN18, ZBTB46, GPR55, INPP5D, MYC, TOB2 2.479765054 1 0.391525924 70.63858184 
GO:0007628~adult walking behavior 7 0.513196481 0.059790483 EPHA4, SCN1A, EFNB3, DRD2, MAPT, CNTN2, ABHD12 2.479765054 1 0.391525924 70.63858184 
GO:0030166~proteoglycan biosynthetic 
process 
7 0.513196481 0.059790483 NDST1, XYLT1, CHST12, CHST3, CHST13, GLCE, HS2ST1 2.479765054 1 0.391525924 70.63858184 
GO:2000737~negative regulation of stem 
cell differentiation 
7 0.513196481 0.059790483 DAB2IP, NOTCH1, OVOL2, STRAP, MSTN, JAG1, TRIM62 2.479765054 1 0.391525924 70.63858184 
GO:0034104~negative regulation of tissue 
remodeling 
5 0.366568915 0.060392434 CALCA, CLDN18, ABR, VEGFA, INPP5D 3.300985948 1 0.394337366 71.00998844 
GO:1900271~regulation of long-term 
synaptic potentiation 
5 0.366568915 0.060392434 NOS1, DRD2, CREB1, CRTC1, RELN 3.300985948 1 0.394337366 71.00998844 
GO:0045671~negative regulation of 
osteoclast differentiation 
5 0.366568915 0.060392434 CALCA, CLDN18, GPR55, INPP5D, TOB2 3.300985948 1 0.394337366 71.00998844 
GO:0072215~regulation of metanephros 
development 
5 0.366568915 0.060392434 RET, FAT4, WNT9B, PDGFRB, MYC 3.300985948 1 0.394337366 71.00998844 
GO:0031290~retinal ganglion cell axon 
guidance 
5 0.366568915 0.060392434 ALCAM, PTPRM, SEMA4F, VEGFA, EPHB2 3.300985948 1 0.394337366 71.00998844 
GO:0003203~endocardial cushion 
morphogenesis 
5 0.366568915 0.060392434 NOTCH1, HEYL, SMAD4, MDM4, SNAI1 3.300985948 1 0.394337366 71.00998844 
GO:0048679~regulation of axon 
regeneration 
5 0.366568915 0.060392434 EPHA4, MAP2K1, XYLT1, FKBP1B, KLF4 3.300985948 1 0.394337366 71.00998844 
GO:0030799~regulation of cyclic 
nucleotide metabolic process 
16 1.173020528 0.060997935 CALCR, OPRM1, TBL1XR1, NOS1, DRD2, LHCGR, CXCL11, CXCL10, CALCA, CRHR1, ECE1, GRM7, MC2R, VEGFA, AKAP6, GUCY1A3 1.648151849 1 0.397150248 71.37908119 
GO:0009743~response to carbohydrate 28 2.052785924 0.061096227 
LDHA, HNF1A, SLC6A1, TH, SOX4, ILDR2, SIDT2, FKBP1B, NPTX1, ACE, XBP1, BCL2, SERPINE1, PLCB1, MYC, GJD3, PDK3, MET, CFTR, SIRT1, PRKCB, PRKCQ, 
MAP4K4, ACVR2B, HNF4A, PLA2G6, VAMP2, GLP1R 
1.417008602 1 0.397335988 71.43857383 
GO:0008542~visual learning 9 0.659824047 0.061204485 CRHR1, AP1S2, B4GALT2, DRD2, CREB1, CACNA1E, ATP1A2, KIT, NETO1 2.10837167 1 0.397572653 71.50396274 
GO:0010675~regulation of cellular 
carbohydrate metabolic process 
18 1.319648094 0.061900996 SOGA1, PFKFB3, PDK3, LHCGR, SNCA, TP53, ARPP19, SIRT6, RORA, PRKCE, CBFA2T3, SIRT1, IRS1, SRC, HNF4A, IGFBP3, MYC, HTR2A 1.584473255 1 0.400827131 71.9212756 
GO:0050905~neuromuscular process 14 1.026392962 0.0619573 CAMTA1, RBFOX2, SCN1A, JPH3, ABR, DRD2, ADCY5, SLC6A3, GCH1, CSMD1, EI24, AP1S2, CLIC5, CNTNAP1 1.723226563 1 0.400793063 71.95475513 
GO:0042770~signal transduction in 
response to DNA damage 
10 0.73313783 0.062127397 PGAP2, WNT1, TP53, SOX4, SPRED1, MDM4, SIRT1, SNAI1, CASP2, TP73 1.989635366 1 0.401340338 72.05566821 
GO:0031110~regulation of microtubule 
polymerization or depolymerization 
10 0.73313783 0.062127397 CAV3, STMN3, MAP1A, MAPT, SNCA, STMN1, CLIP3, FES, MID1, MAP6D1 1.989635366 1 0.401340338 72.05566821 
GO:0055117~regulation of cardiac muscle 
contraction 
10 0.73313783 0.062127397 CAV3, ANK2, SCN2B, PLN, PDE4B, AKAP6, STC1, NEDD4L, ATP1A2, FKBP1B 1.989635366 1 0.401340338 72.05566821 
GO:0051289~protein 
homotetramerization 
10 0.73313783 0.062127397 ALDOA, SHMT1, DNM1L, GBP5, CRTC1, GPX3, TH, CDA, ATPIF1, PFKM 1.989635366 1 0.401340338 72.05566821 
GO:0060191~regulation of lipase activity 10 0.73313783 0.062127397 CALCR, GPR55, NMUR1, SNCA, PDGFRA, MS4A2, PDGFRB, MARCKS, GPIHBP1, HTR2A 1.989635366 1 0.401340338 72.05566821 
GO:0007565~female pregnancy 24 1.759530792 0.062233496 RECK, NOS1, PGF, IL1RN, ADIPOR2, FOSB, CALCA, ACE, THBD, PTGIS, PNOC, PAPPA, MAPT, GPX3, VEGFA, SERPINE1, IRF1, PLA2G6, STC1, SLC38A1, ACSL4, 
FOSL1, CLOCK, ARHGDIB 
1.464639143 1 0.401559869 72.11843915 
GO:0042787~protein ubiquitination 
involved in ubiquitin-dependent protein 
catabolic process 
15 1.099706745 0.063235302 ANKS1A, HECW2, SYVN1, HERC6, HACE1, WNT1, TRIM67, RNF165, KLHL25, NEDD4, TRIM32, NEDD4L, RNF34, DISC1, FBXO10 1.675885174 1 0.40632521 72.70456484 
GO:0032941~secretion by tissue 13 0.953079179 0.063697254 CREB1, SLC6A3, MET, PRKCE, TP73, CCND1, NCOA1, ATG5, PRLR, XBP1, VEGFA, VAMP2, NCOR2 1.764639217 1 0.408333366 72.9708791 
GO:0009132~nucleoside diphosphate 
metabolic process 
13 0.953079179 0.063697254 ALDOA, LDHA, TP53, AK3, HK1, SIRT6, AK4, PFKM, CBFA2T3, AK9, DLG3, MYC, HTR2A 1.764639217 1 0.408333366 72.9708791 
GO:0034599~cellular response to oxidative 
stress 
25 1.832844575 0.063719729 KLF6, CPEB2, MET, SNCA, AXL, TP53, NR4A2, HGF, SIRT1, SRC, PPARGC1B, GCH1, PRKD1, UACA, HDAC1, XBP1, MAPT, BCL2, SERPINE1, PDGFRA, NFE2L1, 
NGB, NQO1, KLF4, TP53INP1 
1.446647228 1 0.408122336 72.9837732 
GO:0098727~maintenance of cell number 16 1.173020528 0.064075172 ZHX2, SOX4, SKI, DLL1, JAG1, KIT, LIN28A, HOOK3, NOTCH1, PHF19, RTF1, MED27, WNT9B, BCL9L, JMJD1C, KLF4 1.636545146 1 0.409585145 73.18691141 
GO:0022612~gland morphogenesis 16 1.173020528 0.064075172 PLAG1, SLC12A2, HOXA13, MET, NTN4, DAG1, CTNND1, EDAR, HGF, SRC, NOTCH2, NOTCH1, XBP1, BCL2, TGFA, AREG 1.636545146 1 0.409585145 73.18691141 
GO:2000378~negative regulation of 
reactive oxygen species metabolic process 8 0.586510264 0.064082365 OPRM1, PTGIS, ATG5, BCL2, CYCS, TP53, SIRT1, MYCN 2.234513565 1 0.409297072 73.19100705 
GO:0048738~cardiac muscle tissue 
development 
21 1.539589443 0.064096043 CAV3, CREB1, MET, LMNA, SIRT6, FKBP1A, TP73, FOXP1, NOTCH1, DKK1, ATG5, MYOCD, XIRP1, SPEG, PLN, VEGFA, PDGFRA, AKAP6, PDGFRB, MARCKS, 
RARB 
1.509955949 1 0.409041979 73.19879413 
GO:0019318~hexose metabolic process 21 1.539589443 0.064096043 GPD2, ALDOA, LDHA, SOGA1, PFKFB3, TP53, ARPP19, HK1, PFKM, FUCA2, SIRT1, BRAT1, IRS1, USF1, SRC, GALM, HNF4A, PGM1, PER2, POFUT1, MYC 1.509955949 1 0.409041979 73.19879413 
GO:0008406~gonad development 27 1.979472141 0.064467904 
ARID4A, LHCGR, ARID4B, HMGCS1, KITLG, KIT, ACE, GATA3, BCL2, SERPINE1, IDH1, AGO4, MYC, CASP2, CAPN5, MET, SMAD4, SIRT1, WNT2B, INHBB, 
CCND1, NCOA1, EIF2S2, VEGFA, PDGFRA, GFRA1, JMJD1C 
1.420859169 1 0.410579783 73.40967329 
GO:0060560~developmental growth 
involved in morphogenesis 
24 1.759530792 0.064588742 
NRP2, SYT1, SLC12A2, SIRT6, NRN1, RAPH1, VCL, ALCAM, SEMA6A, NOTCH1, SEMA4F, MAPT, BNC2, SEMA3E, VEGFA, SEMA4C, SEMA4B, STC1, TMTC3, 
AREG, NEDD4L, RARB, DCX, DISC1 
1.458510946 1 0.410859496 73.47785968 
GO:0051169~nuclear transport 37 2.712609971 0.064881872 NCBP2, LZTS2, XPO5, XPO4, DAG1, PPP3R1, PPM1A, TNFSF14, NFKBIA, SOX4, TMEM173, CRY2, MDFIC, XBP1, ANP32A, BCL6, AXIN2, PIK3R2, SPRN, DAB2IP, 1.333500031 1 0.411996717 73.64257749 
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ANP32B, RAB4A, LMNA, PTPN14, SIX3, TP53, SMAD4, EDAR, PKIA, SIRT1, PRKCQ, UACA, HNF4A, NEDD4, TBRG1, AKAP6, SUPT6H 
GO:0072593~reactive oxygen species 
metabolic process 
23 1.686217009 0.065390344 
PID1, SH3PXD2B, OPRM1, NOS1, NOS1AP, CYCS, SNCA, MET, TP53, RORA, SIRT1, GCH1, MYCN, PTGIS, ATG5, SLC7A2, BCL2, GPX3, PDGFRB, ATPIF1, NQO1, 
KLF4, RNF41 
1.471628978 1 0.41419804 73.92600004 
GO:0071822~protein complex subunit 
organization 124 9.090909091 0.065607827 
CALHM1, DYNC1LI1, KCNC3, CHMP3, SLC6A1, SNCA, FGFRL1, MAF1, HOOK3, KIF13A, SHKBP1, VPS4A, LGI1, SAR1A, DBNL, GBP5, STMN3, SCUBE3, ROCK1, 
RAP1GDS1, MYH9, IRS1, PPARGC1B, FARP2, OGFOD1, SERPINF2, VEGFA, ATPIF1, STMN1, VAMP2, CLIP3, MAP7D3, ADD2, MAP6D1, CAV3, ALDOA, SNX9, 
KCNA2, CRTC1, SRC, KCNS2, CDA, TNKS, BMF, FCHO2, HIP1, PARD6B, MAP2K1, AK3, SMAD4, SKI, IKBKE, TMOD2, MARCKS, LIMA1, LZTS2, GFAP, NDUFAF6, 
HNF1A, FAM175B, AP1B1, WASF1, PRKAG1, GLRA3, MITF, SYNJ1, NAP1L1, FES, NAP1L5, SPICE1, TRIM9, MAPT, GPX3, MKX, PSMD5, TUBB1, FOSL1, 
SH3PXD2B, STX1A, POGZ, ANP32B, TP53, KCTD21, PFKM, PRKCE, MYADM, PRKCQ, PLEKHH2, UBE2K, TPPP, KCNH7, MDM4, ATPAF1, PARVA, PPFIA1, TH, 
PPM1A, FKBP1A, GCH1, TMEM33, BCL2, TOR1A, SEC16A, PIK3R2, CHD3, SYNPO, EHD4, SHMT1, DNM1L, SWAP70, CREB1, MAP1A, TNP1, MID1, COL5A2, 
TRIM21, TP73, TTC19, GMFB, PPP1R9B, PRLR, PLN, SVIP, LRP4 
1.147145181 1 0.414950221 74.04633922 
GO:0031057~negative regulation of 
histone modification 
7 0.513196481 0.065882232 ATG5, SNCA, ANP32A, KDM4C, FOXP3, SIRT1, SUPT6H 2.420723029 1 0.415981035 74.19742261 
GO:0046580~negative regulation of Ras 
protein signal transduction 
7 0.513196481 0.065882232 MFN2, DAB2IP, TRIM67, STMN3, DGKZ, BCL6, RASA4 2.420723029 1 0.415981035 74.19742261 
GO:0010712~regulation of collagen 
metabolic process 
7 0.513196481 0.065882232 SERPINF2, PPARG, PDGFRB, MKX, IL6R, MFAP4, SUCO 2.420723029 1 0.415981035 74.19742261 
GO:0000413~protein peptidyl-prolyl 
isomerization 
7 0.513196481 0.065882232 PPIE, FKBP9, PPIL2, FKBP1A, FKBP11, FKBP1B, NKTR 2.420723029 1 0.415981035 74.19742261 
GO:0002294~CD4-positive, alpha-beta T 
cell differentiation involved in immune 
response 
7 0.513196481 0.065882232 GATA3, LEF1, BCL6, IRF4, RORA, FOXP3, FOXP1 2.420723029 1 0.415981035 74.19742261 
GO:0042220~response to cocaine 9 0.659824047 0.066084081 OPRM1, CRHR1, NOS1, SLC6A1, DRD2, SLC6A3, SNCA, SMPD1, HTR2A 2.074905453 1 0.416651126 74.30802393 
GO:0009199~ribonucleoside triphosphate 
metabolic process 
22 1.612903226 0.066108697 PID1, ALDOA, LDHA, PFKFB3, CYCS, SNCA, TP53, NDUFC2, AK3, HK1, RHOQ, SIRT6, PFKM, ATP1A2, AK4, CBFA2T3, AMPD2, AK9, SDHC, UCK2, MYC, HTR2A 1.486211348 1 0.416447716 74.32148159 
GO:0042990~regulation of transcription 
factor import into nucleus 
11 0.806451613 0.066209101 PRKCQ, TMEM173, UACA, XBP1, PPM1A, PPP3R1, NFKBIA, AKAP6, TNFSF14, EDAR, PIK3R2 1.879620234 1 0.416617248 74.37630202 
GO:0048521~negative regulation of 
behavior 
10 0.73313783 0.066623979 CRHR1, SEMA6A, NOTCH1, NAPEPLD, SEMA4F, DRD2, SEMA3E, SEMA4C, SEMA4B, PADI2 1.962748402 1 0.418328381 74.60164816 
GO:0051450~myoblast proliferation 4 0.293255132 0.066836734 PAX7, MET, MSTN, HGF 4.149810906 1 0.41904472 74.71647771 
GO:0010882~regulation of cardiac muscle 
contraction by calcium ion signaling 4 0.293255132 0.066836734 ANK2, PLN, ATP1A2, FKBP1B 4.149810906 1 0.41904472 74.71647771 
GO:0043950~positive regulation of cAMP-
mediated signaling 4 0.293255132 0.066836734 OPRM1, LHCGR, CXCL11, CXCL10 4.149810906 1 0.41904472 74.71647771 
GO:0045779~negative regulation of bone 
resorption 4 0.293255132 0.066836734 CALCA, CLDN18, VEGFA, INPP5D 4.149810906 1 0.41904472 74.71647771 
GO:0060766~negative regulation of 
androgen receptor signaling pathway 4 0.293255132 0.066836734 HDAC1, HEYL, SIRT1, FOXP1 4.149810906 1 0.41904472 74.71647771 
GO:0070498~interleukin-1-mediated 
signaling pathway 4 0.293255132 0.066836734 IRAK2, RPS6KA4, IL1RN, PLCB1 4.149810906 1 0.41904472 74.71647771 
GO:0072538~T-helper 17 type immune 
response 4 0.293255132 0.066836734 PRKCQ, IRF4, RORA, FOXP3 4.149810906 1 0.41904472 74.71647771 
GO:0001817~regulation of cytokine 
production 
47 3.445747801 0.067195794 
DRD2, VTCN1, PPARG, RNF216, RORA, SRC, LGR4, CALCA, S1PR3, TMEM173, ATG5, XBP1, HPSE, TKFC, GATA3, PDE4B, SERPINE1, LTF, BCL6, NFATC4, 
INPP5D, PLCB1, TWIST2, CSF1R, GBP5, ATG9A, CREB1, MET, AXL, SMAD4, ACKR1, LEF1, DLL1, IL6R, HGF, FOXP3, SIRT1, FOXP1, INHBB, PRKCQ, HDAC1, 
SERPINF2, MAPK13, TRIM32, IRF1, IRF4, KLF4 
1.278359352 1 0.420472197 74.90915425 
GO:0043410~positive regulation of MAPK 
cascade 
41 3.005865103 0.067195861 
OPRM1, GCNT2, GNAI2, DRD2, CCR1, KITLG, LPAR2, KIT, SRC, CCL22, MDFIC, GAB1, TGFA, PLCB1, CSF1R, THPO, DIXDC1, DAB2IP, MAP2K1, IL1RN, MET, 
FGF23, IL6R, HGF, MID1, PRKCE, TP73, EPHA4, MAP3K15, KSR2, RELT, GPR55, SERPINF2, VEGFA, SEMA4C, PDGFRA, PDGFRB, KSR1, HTR2C, IGFBP3, HTR2A 
1.305916371 1 0.420147832 74.90918968 
GO:1902107~positive regulation of 
leukocyte differentiation 
16 1.173020528 0.067255202 ASXL2, ZBTB46, CCR1, CREB1, AXL, KITLG, LEF1, FOXP3, PNP, PPARGC1B, CALCA, NOTCH2, XBP1, GATA3, INPP5D, CSF1R 1.625100775 1 0.420112437 74.94089829 
GO:0009190~cyclic nucleotide 
biosynthetic process 
16 1.173020528 0.067255202 OPRM1, CALCR, NOS1, DRD2, ADCY5, LHCGR, AMPD2, CALCA, CRHR1, UCN2, ECE1, GRM7, MC2R, AKAP6, GUCY1A3, HTR2C 1.625100775 1 0.420112437 74.94089829 
GO:0050731~positive regulation of 
peptidyl-tyrosine phosphorylation 
18 1.319648094 0.067701614 UNC119, SRCIN1, TP53, KITLG, CTNND1, KIT, HGF, IL6R, SRC, ACE, HDAC1, VEGFA, TGFA, RELN, LRP4, HTR2A, CSF1R, EHD4 1.565497528 1 0.421956199 75.17821931 
GO:0060537~muscle tissue development 37 2.712609971 0.068436953 
CAV3, FKBP1A, PLAGL1, DDX17, MYOCD, ATG5, SPEG, BCL2, PAX7, BCL9L, RARB, MYC, CSF1R, CREB1, MET, LMNA, FOXN2, LEF1, MSTN, SIRT6, DLL1, RCAN1, 
SKI, TP73, FOXP1, FOXP2, NOTCH1, DKK1, XIRP1, SVIL, PLN, HEYL, VEGFA, PDGFRA, PDGFRB, AKAP6, MARCKS 
1.326914845 1 0.425185332 75.56449196 
GO:0031098~stress-activated protein 
kinase signaling cascade 
25 1.832844575 0.068439639 
CAV3, ZMYND11, ULK4, PDCD4, NR2C2, IRAK4, MDFIC, MARVELD3, GAB1, PLCB1, DIXDC1, DAB2IP, MAP2K1, MET, IL1RN, OXSR1, HGF, MID1, TP73, 
MAP4K4, EPHA4, SERPINF2, VEGFA, SEMA4C, MAP3K14 
1.435211282 1 0.424872742 75.56589257 
GO:0051403~stress-activated MAPK 
cascade 
22 1.612903226 0.068710529 
CAV3, DIXDC1, ZMYND11, DAB2IP, IL1RN, MET, ULK4, HGF, MID1, PDCD4, NR2C2, TP73, IRAK4, MAP4K4, EPHA4, MDFIC, SERPINF2, MARVELD3, VEGFA, 
GAB1, SEMA4C, PLCB1 
1.47933074 1 0.425850736 75.7067388 
GO:0051101~regulation of DNA binding 12 0.879765396 0.06915693 MYOCD, GATA3, PER2, LEF1, SKI, TNKS, IRF4, SIRT1, NSD1, MYC, KLF4, TWIST2 1.796825341 1 0.427666289 75.93715923 
GO:0045446~endothelial cell 
differentiation 12 0.879765396 0.06915693 S1PR2, S1PR3, PPP1R16B, ACVR2B, NOTCH1, ROCK1, HOXA13, MET, SMAD4, DLL1, STC1, MYADM 1.796825341 1 0.427666289 75.93715923 
GO:0044321~response to leptin 5 0.366568915 0.069286265 PID1, INHBB, CCND1, FGF23, SIRT1 3.15746482 1 0.427959275 76.00352953 
GO:0060765~regulation of androgen 
receptor signaling pathway 
5 0.366568915 0.069286265 PRMT2, HDAC1, HEYL, SIRT1, FOXP1 3.15746482 1 0.427959275 76.00352953 
GO:1902042~negative regulation of 
extrinsic apoptotic signaling pathway via 
death domain receptors 
5 0.366568915 0.069286265 PEA15, SERPINE1, TMBIM1, HGF, RNF34 3.15746482 1 0.427959275 76.00352953 
GO:0018209~peptidyl-serine modification 26 1.906158358 0.069865919 SNCA, HK1, BDKRB2, SRC, SBK1, BCL2, TNKS, DCX, STK38L, RET, NOS1, CSNK1G1, PDK3, MET, PRKCH, HGF, PRKCE, PRKCB, MAST3, PRKD1, PRKCQ, EGFLAM, 1.419672152 1 0.430398092 76.29885972 
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RPS6KA4, DKK1, MAPK13, VEGFA 
GO:0045638~negative regulation of 
myeloid cell differentiation 
11 0.806451613 0.070534064 CALCA, CLDN18, ZBTB46, GPR55, NFKBIA, DLL1, CDK6, INPP5D, MYC, TWIST2, TOB2 1.857764185 1 0.433242304 76.63499232 
GO:0046434~organophosphate catabolic 
process 
16 1.173020528 0.070538931 PLA2G15, PFKFB3, SYNJ1, TP53, PDE11A, SIRT6, CBFA2T3, PNPLA8, NAPEPLD, PLCG1, PDE4B, SMPD1, ABHD12, MYC, HTR2A, PLA2G4D 1.613815353 1 0.432938184 76.63742389 
GO:0030595~leukocyte chemotaxis 18 1.319648094 0.070735102 SWAP70, CCR1, PADI2, TNFSF14, KIT, CXCL11, DAPK2, CXCL10, CALCA, CCL22, RPL13A, LYST, CXCL16, PDE4B, VEGFA, SERPINE1, TREM1, MTUS1 1.55617909 1 0.433538595 76.73524214 
GO:0061025~membrane fusion 17 1.246334311 0.070775837 SYT1, STX1A, DNM1L, BET1, HACE1, CALCOCO2, EEA1, WIPI2, VAT1, VTI1A, MFN2, TRIM9, FAM73B, STX17, PVRL2, VPS4A, VAMP2 1.582780442 1 0.433404242 76.75550508 
GO:0006275~regulation of DNA replication 17 1.246334311 0.070775837 PID1, CCDC88A, PPARG, MET, TP53, KITLG, GRHL2, SRC, PRKCQ, CDAN1, MCIDAS, OBFC1, PDGFRA, TNKS, NAT10, AREG, KLF4 1.582780442 1 0.433404242 76.75550508 
GO:0001678~cellular glucose homeostasis 17 1.246334311 0.070775837 PDK3, TH, MET, SOX4, HK1, CFTR, PFKM, MYT1, SIRT1, FKBP1B, MAP4K4, NPTX1, ACE, XBP1, SERPINE1, PLA2G6, PIK3R2 1.582780442 1 0.433404242 76.75550508 
GO:0072522~purine-containing 
compound biosynthetic process 
25 1.832844575 0.070888095 PID1, CALCR, OPRM1, ALDOA, SHMT1, NOS1, DRD2, ADCY5, LHCGR, AK3, AK4, AMPD2, PNP, AK9, CALCA, CRHR1, UCN2, ECE1, GRM7, ADK, MC2R, AKAP6, 
GUCY1A3, MYC, HTR2C 
1.429560844 1 0.433607326 76.81125946 
GO:0014015~positive regulation of 
gliogenesis 
9 0.659824047 0.071197182 PLAG1, GFAP, NOTCH1, HDAC1, PPARG, SYNJ1, PRKCH, MYC, TP73 2.042485056 1 0.434735864 76.96411645 
GO:0050885~neuromuscular process 
controlling balance 
9 0.659824047 0.071197182 CAMTA1, RBFOX2, JPH3, EI24, AP1S2, ABR, ADCY5, CLIC5, CNTNAP1 2.042485056 1 0.434735864 76.96411645 
GO:0006171~cAMP biosynthetic process 13 0.953079179 0.071231768 OPRM1, CALCR, DRD2, ADCY5, LHCGR, CALCA, CRHR1, UCN2, ECE1, GRM7, MC2R, GUCY1A3, AKAP6 1.732260516 1 0.434572204 76.98116088 
GO:0031333~negative regulation of 
protein complex assembly 
13 0.953079179 0.071231768 DBNL, SNCA, PPM1A, MYH9, MYADM, SRC, TRIM9, TMOD2, SVIP, STMN1, CLIP3, SAR1A, ADD2 1.732260516 1 0.434572204 76.98116088 
GO:0009144~purine nucleoside 
triphosphate metabolic process 
22 1.612903226 0.071381656 PID1, ALDOA, LDHA, PFKFB3, CYCS, SNCA, TP53, NDUFC2, AK3, HK1, RHOQ, SIRT6, PFKM, ATP1A2, AK4, CBFA2T3, AMPD2, AK9, ADK, SDHC, MYC, HTR2A 1.472513547 1 0.434949856 77.05489022 
GO:0045862~positive regulation of 
proteolysis 
28 2.052785924 0.071986543 
SNX9, PPARG, SNCA, CTNND1, CBFA2T3, SRC, TRIM67, XBP1, MYC, DISC1, HIP1, RET, DAB2IP, ANP32B, CYCS, SOCS4, MYH9, SIRT1, SGTA, HSPBP1, UACA, 
PSME1, TRIM32, CNTN2, PSME3, DNAJB2, ATPIF1, NEK5 
1.392744756 1 0.43745394 77.35015901 
GO:0009746~response to hexose 24 1.759530792 0.072024705 
LDHA, HNF1A, GJD3, PDK3, MET, TH, SOX4, ILDR2, CFTR, SIDT2, SIRT1, FKBP1B, PRKCB, MAP4K4, PRKCQ, NPTX1, ACE, ACVR2B, HNF4A, XBP1, SERPINE1, 
PLA2G6, VAMP2, GLP1R 
1.440430232 1 0.437305643 77.36866573 
GO:0060612~adipose tissue development 7 0.513196481 0.07232277 SH3PXD2B, TBL1XR1, AMER1, AP1S2, XBP1, LMNA, CREB5 2.364427144 1 0.438367951 77.51272059 
GO:0051058~negative regulation of small 
GTPase mediated signal transduction 
7 0.513196481 0.07232277 MFN2, DAB2IP, TRIM67, STMN3, DGKZ, BCL6, RASA4 2.364427144 1 0.438367951 77.51272059 
GO:0051412~response to corticosterone 7 0.513196481 0.07232277 CCND1, BCL2, GPX3, TH, RELN, FOSB, FOSL1 2.364427144 1 0.438367951 77.51272059 
GO:0002293~alpha-beta T cell 
differentiation involved in immune 
response 
7 0.513196481 0.07232277 GATA3, LEF1, BCL6, IRF4, RORA, FOXP3, FOXP1 2.364427144 1 0.438367951 77.51272059 
GO:0030163~protein catabolic process 64 4.692082111 0.072415594 
CREBRF, DYNC1LI1, HECW2, UBE2G1, VPS37A, RNF216, CBFA2T3, WNT1, KLHL25, HPSE, TRIM9, VPS4A, RNF34, AGAP2, DISC1, TBL1XR1, DAB2IP, ANKS1A, 
HERC6, SOCS4, ERLIN1, UBR1, UBE2H, UHRF2, PSME1, UBE2K, ATG4B, TRIM32, ATPIF1, PSME3, MDM4, PCYOX1, USP24, CLOCK, FBXO10, RAD23B, SNX9, 
FZR1, SYVN1, PPP2R3A, USP8, SF3B3, OAZ2, AMER1, TRIM67, LPCAT1, XBP1, RNF165, TOR1A, LYPLAL1, NEDD4L, USP31, SMAD4, CDC23, HACE1, SIRT1, 
SGTA, HSPBP1, NEDD4, UBA1, DNAJB2, SVIP, TP53INP2, RNF41 
1.21989192 1 0.438473425 77.55740401 
GO:0048659~smooth muscle cell 
proliferation 
14 1.026392962 0.072627198 PPARG, TP53, IL6R, FOXP1, IRAK4, NOTCH3, MFN2, CDH13, SERPINF2, VEGFA, PDGFRB, IGFBP3, MYC, KLF4 1.680501937 1 0.439129896 77.65895119 
GO:0048284~organelle fusion 14 1.026392962 0.072627198 MFN2, SYT1, STX1A, TRIM9, STX17, FAM73B, BET1, VPS4A, CALCOCO2, EEA1, VAMP2, WIPI2, VAT1, VTI1A 1.680501937 1 0.439129896 77.65895119 
GO:0060487~lung epithelial cell 
differentiation 6 0.439882698 0.072985407 CREB1, PPP3R1, GRHL2, NCOR2, FNDC3B, FOXP1 2.640788759 1 0.440462836 77.82985875 
GO:1902229~regulation of intrinsic 
apoptotic signaling pathway in response to 
DNA damage 
6 0.439882698 0.072985407 PGAP2, TRIM32, RAD9A, SIRT1, SNAI1, TP73 2.640788759 1 0.440462836 77.82985875 
GO:0043267~negative regulation of 
potassium ion transport 
6 0.439882698 0.072985407 CAV3, NOS1, ANK3, NEDD4L, OXSR1, HTR2A 2.640788759 1 0.440462836 77.82985875 
GO:0006110~regulation of glycolytic 
process 
6 0.439882698 0.072985407 PFKFB3, TP53, SIRT6, CBFA2T3, MYC, HTR2A 2.640788759 1 0.440462836 77.82985875 
GO:0051281~positive regulation of release 
of sequestered calcium ion into cytosol 
6 0.439882698 0.072985407 PLCG1, LHCGR, SNCA, AKAP6, CXCL11, CXCL10 2.640788759 1 0.440462836 77.82985875 
GO:1903707~negative regulation of 
hemopoiesis 
15 1.099706745 0.073488719 CLDN18, ZBTB46, NFKBIA, CDK6, DLL1, FOXP3, CALCA, NOTCH1, GPR55, IRF1, BCL6, INPP5D, MYC, TWIST2, TOB2 1.638083253 1 0.442459255 78.06790047 
GO:0009100~glycoprotein metabolic 
process 
30 2.19941349 0.07363553 
TUSC3, GCNT2, FUT9, MGAT5B, SYVN1, FUT8, GALNT7, NDST1, ALG6, ST8SIA3, HS2ST1, GALNT10, XYLT1, HPSE, B3GALNT1, CHST12, BCL2, DSEL, CHST13, 
TNKS, FUT1, PLCB1, MGAT4A, CHST3, SIRT6, GLCE, COG3, ERP44, EGFLAM, POFUT1 
1.370220582 1 0.442808337 78.13687644 
GO:0030509~BMP signaling pathway 16 1.173020528 0.073927172 BMP3, PPM1A, SMAD4, LEF1, SKI, GREM2, TMPRSS6, WNT1, NOTCH2, NOTCH1, RGMB, ACVR2B, DKK1, RNF165, LRP4, BMP8B 1.602685591 1 0.44382138 78.27328727 
GO:0002262~myeloid cell homeostasis 16 1.173020528 0.073927172 RBFOX2, ARID4A, AXL, KITLG, KIT, FOXP3, TRIM10, PKNOX1, GATA3, VEGFA, PDE4B, BCL6, ATPIF1, NFE2L1, INPP5D, RPS24 1.602685591 1 0.44382138 78.27328727 
GO:0055086~nucleobase-containing small 
molecule metabolic process 
56 4.105571848 0.074876726 
OPRM1, LDHA, ADCY5, LHCGR, PGD, SNCA, PDE11A, RHOQ, RORA, CBFA2T3, CXCL11, PNP, CXCL10, PDE4B, GUCY1A3, DLG3, MYC, PID1, TBL1XR1, CYCS, 
NDUFC2, TP53, PFKM, CRHR1, UCN2, ADK, GRM7, VEGFA, MC2R, AKAP6, ATPIF1, CALCR, ALDOA, FUT8, PFKFB3, DRD2, HK1, CALCA, ECE1, CDA, UCK2, 
GPD2, SHMT1, DNM1L, NOS1, AK3, SIRT6, ATP1A2, AK4, AMPD2, AK9, SDHC, DPYD, AHCYL2, HTR2C, HTR2A 
1.237995339 1 0.447834585 78.71184731 
GO:0050818~regulation of coagulation 11 0.806451613 0.075033413 PRKCQ, GP5, THBD, HPSE, SERPINF2, SERPINE1, PDGFRA, ASIC2, STAB2, FAM46A, TMPRSS6 1.836410574 1 0.44821984 78.78340172 
GO:0042991~transcription factor import 
into nucleus 
11 0.806451613 0.075033413 PRKCQ, TMEM173, UACA, XBP1, PPM1A, PPP3R1, NFKBIA, AKAP6, TNFSF14, EDAR, PIK3R2 1.836410574 1 0.44821984 78.78340172 
GO:0035725~sodium ion transmembrane 
transport 
13 0.953079179 0.075205856 CAV3, FXYD2, SCN1A, NOS1, SCN2B, NEDD4, ANK3, ASIC2, SCNN1G, NEDD4L, ATP1A2, HCN3, SCN4A 1.716512693 1 0.448675715 78.86188714 
GO:0014902~myotube differentiation 13 0.953079179 0.075205856 CAV3, MET, TNFSF14, RCAN1, SKI, MYH9, CXCL10, WNT1, NOTCH1, MYOCD, HDAC1, XBP1, BCL2 1.716512693 1 0.448675715 78.86188714 
GO:0045137~development of primary 
sexual characteristics 27 1.979472141 0.076372919 
ARID4A, LHCGR, ARID4B, HMGCS1, KITLG, KIT, ACE, GATA3, BCL2, SERPINE1, IDH1, AGO4, MYC, CASP2, CAPN5, MET, SMAD4, SIRT1, WNT2B, INHBB, 
CCND1, NCOA1, EIF2S2, VEGFA, PDGFRA, GFRA1, JMJD1C 1.395576977 1 0.453622861 79.38586016 
GO:0046486~glycerolipid metabolic 
process 27 1.979472141 0.076372919 
CAV3, DRD2, SYNJ1, PIP5K1A, CDS2, ACSL1, LPCAT1, SERINC1, ABHD12, INPP5D, PLCB1, ACSL4, INPP5B, PIK3R2, CSF1R, PGAP2, PIGZ, PLA2G15, PI4KB, 
SIRT1, TMEM55A, PNPLA8, DGAT1, PLA2G6, PDGFRB, HTR2C, HTR2A 1.395576977 1 0.453622861 79.38586016 
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GO:1901379~regulation of potassium ion 
transmembrane transport 9 0.659824047 0.076544495 CAV3, KCNS2, ANK2, NEDD4, ANK3, AKAP6, VAMP2, NEDD4L, OXSR1 2.011062209 1 0.45406525 79.46184412 
GO:0007632~visual behavior 9 0.659824047 0.076544495 CRHR1, AP1S2, B4GALT2, DRD2, CREB1, CACNA1E, ATP1A2, KIT, NETO1 2.011062209 1 0.45406525 79.46184412 
GO:0006757~ATP generation from ADP 9 0.659824047 0.076544495 ALDOA, TP53, HK1, SIRT6, PFKM, CBFA2T3, MYC, AK9, HTR2A 2.011062209 1 0.45406525 79.46184412 
GO:0060079~excitatory postsynaptic 
potential 9 0.659824047 0.076544495 OPRM1, S1PR2, NETO2, STX1A, MET, SNCA, RELN, DGKI, NETO1 2.011062209 1 0.45406525 79.46184412 
GO:0035710~CD4-positive, alpha-beta T 
cell activation 9 0.659824047 0.076544495 SATB1, PRKCQ, GATA3, LEF1, BCL6, IRF4, RORA, FOXP3, FOXP1 2.011062209 1 0.45406525 79.46184412 
GO:0030178~negative regulation of Wnt 
signaling pathway 15 1.099706745 0.077134338 LZTS2, DAB2IP, PPP2R3A, SIX3, CTNND1, LEF1, NOTCH1, CCND1, AMER1, DKK1, HDAC1, NFATC4, AXIN2, LRP4, MLLT3 1.625858751 1 0.456380136 79.72103766 
GO:0035265~organ growth 17 1.246334311 0.077377674 PLAG1, CAV3, SIRT6, DLL1, CACNA2D2, FOXP1, TP73, NOTCH1, ACVR2B, MYOCD, PRLR, BNC2, BCL2, WWC3, AKAP6, STC1, RARB 1.562745246 1 0.457137682 79.82705862 
GO:0090090~negative regulation of 
canonical Wnt signaling pathway 
12 0.879765396 0.077608241 LZTS2, DAB2IP, AMER1, NOTCH1, PPP2R3A, DKK1, HDAC1, LEF1, CTNND1, AXIN2, LRP4, MLLT3 1.760525839 1 0.457836081 79.92703001 
GO:0031960~response to corticosteroid 27 1.979472141 0.078345405 CALCR, CREBRF, TH, CBX3, SRC, ACE, RPL32, PAPPA, BCL2, SERPINE1, GPX3, FOSL1, MAP2K1, IL1RN, MSTN, IL6R, FOSB, PPARGC1B, NOTCH1, CCND1, UCN2, 
UCP3, VEGFA, STC1, RELN, AREG, DPYD 
1.390628123 1 0.460780298 80.24350981 
GO:0030321~transepithelial chloride 
transport 
3 0.219941349 0.078779915 BEST1, SLC12A2, CFTR 6.22471636 1 0.462370925 80.42782793 
GO:0032534~regulation of microvillus 
assembly 
3 0.219941349 0.078779915 RAP1GAP, HNF4A, PODXL 6.22471636 1 0.462370925 80.42782793 
GO:0034115~negative regulation of 
heterotypic cell-cell adhesion 
3 0.219941349 0.078779915 IL1RN, MYADM, KLF4 6.22471636 1 0.462370925 80.42782793 
GO:0035356~cellular triglyceride 
homeostasis 
3 0.219941349 0.078779915 XBP1, SLC25A27, SIRT1 6.22471636 1 0.462370925 80.42782793 
GO:0061438~renal system vasculature 
morphogenesis 
3 0.219941349 0.078779915 NOTCH3, PDGFRA, PDGFRB 6.22471636 1 0.462370925 80.42782793 
GO:0050861~positive regulation of B cell 
receptor signaling pathway 
3 0.219941349 0.078779915 PRKCH, NFAM1, PRKCB 6.22471636 1 0.462370925 80.42782793 
GO:0033239~negative regulation of 
cellular amine metabolic process 
3 0.219941349 0.078779915 LPCAT1, SNCA, HTR2C 6.22471636 1 0.462370925 80.42782793 
GO:0010359~regulation of anion channel 
activity 
3 0.219941349 0.078779915 GRK6, HK1, CFTR 6.22471636 1 0.462370925 80.42782793 
GO:0032226~positive regulation of 
synaptic transmission, dopaminergic 
3 0.219941349 0.078779915 RAB3B, DRD2, NAT8L 6.22471636 1 0.462370925 80.42782793 
GO:0061439~kidney vasculature 
morphogenesis 
3 0.219941349 0.078779915 NOTCH3, PDGFRA, PDGFRB 6.22471636 1 0.462370925 80.42782793 
GO:0070587~regulation of cell-cell 
adhesion involved in gastrulation 
3 0.219941349 0.078779915 IL1RN, MYADM, KLF4 6.22471636 1 0.462370925 80.42782793 
GO:0002052~positive regulation of 
neuroblast proliferation 
5 0.366568915 0.078812036 NOTCH1, DRD2, FOXG1, VEGFA, DISC1 3.025903786 1 0.462182189 80.44138883 
GO:0007214~gamma-aminobutyric acid 
signaling pathway 
5 0.366568915 0.078812036 GABRG3, SLC12A2, GNAI2, GABRA3, GABBR2 3.025903786 1 0.462182189 80.44138883 
GO:0045745~positive regulation of G-
protein coupled receptor protein signaling 
pathway 
5 0.366568915 0.078812036 ECE1, NOS1, DRD2, CNTN2, TMOD2 3.025903786 1 0.462182189 80.44138883 
GO:0072661~protein targeting to plasma 
membrane 
5 0.366568915 0.078812036 PACS1, ANK2, ANK3, PIP5K1A, MYADM 3.025903786 1 0.462182189 80.44138883 
GO:0060384~innervation 5 0.366568915 0.078812036 NPTX1, RET, RNF165, LRIG1, COL25A1 3.025903786 1 0.462182189 80.44138883 
GO:0030539~male genitalia development 5 0.366568915 0.078812036 HOXA13, PDGFRA, ASB1, WNT9B, LGR4 3.025903786 1 0.462182189 80.44138883 
GO:0046034~ATP metabolic process 20 1.46627566 0.078914684 PID1, ALDOA, LDHA, PFKFB3, CYCS, SNCA, TP53, NDUFC2, AK3, HK1, SIRT6, PFKM, ATP1A2, AK4, AMPD2, CBFA2T3, AK9, SDHC, MYC, HTR2A 1.48967571 1 0.462304597 80.4846641 
GO:0045604~regulation of epidermal cell 
differentiation 
7 0.513196481 0.079110706 NOTCH1, OVOL2, ROCK1, PRKCH, DLL1, GRHL2, MYCN 2.310690164 1 0.462837626 80.56705288 
GO:1902041~regulation of extrinsic 
apoptotic signaling pathway via death 
domain receptors 
7 0.513196481 0.079110706 PEA15, TRPS1, SERPINE1, MAL, TMBIM1, HGF, RNF34 2.310690164 1 0.462837626 80.56705288 
GO:0010623~developmental programmed 
cell death 7 0.513196481 0.079110706 NOTCH1, BCL2, LEF1, KITLG, SLC4A7, KIT, CASP2 2.310690164 1 0.462837626 80.56705288 
GO:0006665~sphingolipid metabolic 
process 13 0.953079179 0.07931891 PLA2G15, SGPP1, TH, CERS6, CERS5, ST8SIA3, KIT, GBA3, ITGB8, SERINC1, SMPD1, PLA2G6, ORMDL3 1.701048615 1 0.463422741 80.6541998 
GO:0003272~endocardial cushion 
formation 4 0.293255132 0.079424877 NOTCH1, HEYL, SMAD4, SNAI1 3.873156846 1 0.463558087 80.69841103 
GO:0044381~glucose import in response 
to insulin stimulus 
4 0.293255132 0.079424877 PID1, RNASEL, MARCKS, IRS1 3.873156846 1 0.463558087 80.69841103 
GO:0021819~layer formation in cerebral 
cortex 
4 0.293255132 0.079424877 DAB2IP, SOCS7, RELN, DCX 3.873156846 1 0.463558087 80.69841103 
GO:0043162~ubiquitin-dependent protein 
catabolic process via the multivesicular 
body sorting pathway 
4 0.293255132 0.079424877 NEDD4, VPS37A, VPS4A, NEDD4L 3.873156846 1 0.463558087 80.69841103 
GO:0019320~hexose catabolic process 4 0.293255132 0.079424877 LDHA, PGM1, TP53, PFKM 3.873156846 1 0.463558087 80.69841103 
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GO:0031065~positive regulation of histone 
deacetylation 4 0.293255132 0.079424877 PRKD1, VEGFA, TP53, BCL6 3.873156846 1 0.463558087 80.69841103 
GO:0060081~membrane 
hyperpolarization 4 0.293255132 0.079424877 KCNQ3, CRTC1, CFTR, CACNG2 3.873156846 1 0.463558087 80.69841103 
GO:0030155~regulation of cell adhesion 52 3.812316716 0.079638863 
SRCIN1, VTCN1, TNFSF14, ZEB1, FES, PNP, CD47, WNT1, ANK3, GATA3, SEMA3E, SERPINE1, PAG1, DISC1, RET, EFNB3, ROCK1, EFNB1, FLOT2, PTPRR, LEF1, 
CDK6, DLL1, PRKCE, MYADM, PRKCQ, EGFLAM, ADK, VEGFA, PLA2G2F, GCNT2, RAP1GAP, ONECUT2, SRC, CALCA, COL26A1, XBP1, BCL2, BCL6, PIK3R2, 
PLET1, MAP2K1, SWAP70, PODXL, IL1RN, FOXP3, CORO1C, CDH13, NOTCH1, PRLR, IRF1, KLF4 
1.242213133 1 0.464166181 80.78739798 
GO:0046939~nucleotide phosphorylation 11 0.806451613 0.07970788 ALDOA, TP53, AK3, HK1, SIRT6, PFKM, AK4, CBFA2T3, MYC, AK9, HTR2A 1.815542272 1 0.464138931 80.81601565 
GO:0097191~extrinsic apoptotic signaling 
pathway 22 1.612903226 0.079816051 
ZMYND11, RET, DAB2IP, SGPP1, LMNA, KITLG, MAL, HGF, TMBIM1, GAS1, SRC, PEA15, MOAP1, BCL2, TRPS1, VEGFA, SERPINE1, PSME3, RNF34, AGAP2, 
CASP2, RNF41 1.452433817 1 0.464282818 80.86078702 
GO:1901987~regulation of cell cycle phase 
transition 22 1.612903226 0.079816051 
PID1, DYNC1LI1, ANP32B, CTDSPL, TP53, SIX3, SOX4, CDC23, PKIA, FOXN3, TP73, PRKCQ, CCND1, XPC, PRMT2, PSME1, BCL2, OVOL1, DGKZ, CTDSP2, PLCB1, 
CASP2 1.452433817 1 0.464282818 80.86078702 
GO:0019216~regulation of lipid metabolic 
process 28 2.052785924 0.08039217 
PPP2R5A, LHCGR, PPARG, SNCA, RORA, SRC, LPCAT1, PEX2, BCL11B, IDH1, PIK3R2, TBL1XR1, DAB2IP, PDK3, CREB1, ERLIN1, PRKCE, IRS1, SIRT1, SNAI1, 
DGAT1, HNF4A, PDGFRA, PLA2G6, PDGFRB, HTR2C, KLF4, HTR2A 1.373923881 1 0.466464935 81.09757279 
GO:0006913~nucleocytoplasmic transport 36 2.639296188 0.080498011 
NCBP2, LZTS2, XPO5, XPO4, DAG1, PPP3R1, PPM1A, TNFSF14, NFKBIA, SOX4, TMEM173, CRY2, MDFIC, XBP1, ANP32A, BCL6, AXIN2, PIK3R2, SPRN, DAB2IP, 
ANP32B, RAB4A, LMNA, PTPN14, SIX3, TP53, SMAD4, EDAR, PKIA, SIRT1, PRKCQ, UACA, HNF4A, NEDD4, AKAP6, SUPT6H 1.313759232 1 0.466595865 81.14076971 
GO:0001933~negative regulation of 
protein phosphorylation 36 2.639296188 0.080498011 
CAV3, ZMYND11, RTN4RL1, SRCIN1, CTDSPL, STRAP, SNCA, DAG1, FKBP1A, BDKRB2, PDCD4, MYOCD, MARVELD3, MLLT1, CTDSP2, SPRED1, PID1, DAB2IP, 
NOS1, MET, PTPRR, SOCS4, HGF, MYADM, PKIA, SIRT1, TP73, CORO1C, CDKN1C, DUSP4, DKK1, HNF4A, IRF1, SMPD1, IGFBP3, KLF4 1.313759232 1 0.466595865 81.14076971 
GO:0043001~Golgi to plasma membrane 
protein transport 6 0.439882698 0.080955115 BBS1, KIF13A, CNST, ANK3, LYPLAL1, VAMP2 2.563118501 1 0.468248946 81.32625476 
GO:0040019~positive regulation of 
embryonic development 
6 0.439882698 0.080955115 WNT1, GATA3, DAG1, PLCB1, NR2C2, WNT2B 2.563118501 1 0.468248946 81.32625476 
GO:0060479~lung cell differentiation 6 0.439882698 0.080955115 CREB1, PPP3R1, GRHL2, NCOR2, FNDC3B, FOXP1 2.563118501 1 0.468248946 81.32625476 
GO:0030520~intracellular estrogen 
receptor signaling pathway 
6 0.439882698 0.080955115 KMT2D, RBFOX2, DDX17, STRN3, PADI2, PPARGC1B 2.563118501 1 0.468248946 81.32625476 
GO:0048016~inositol phosphate-mediated 
signaling 
6 0.439882698 0.080955115 NMUR1, PPP3R1, AKAP6, RCAN1, NFATC4, HTR2C 2.563118501 1 0.468248946 81.32625476 
GO:0090279~regulation of calcium ion 
import 
6 0.439882698 0.080955115 CAV3, ACE, PLN, SERPINE1, PDGFRB, STC1 2.563118501 1 0.468248946 81.32625476 
GO:0021846~cell proliferation in forebrain 6 0.439882698 0.080955115 DIXDC1, SIX3, NCOR2, DISC1, HOOK3, NUMBL 2.563118501 1 0.468248946 81.32625476 
GO:0048009~insulin-like growth factor 
receptor signaling pathway 6 0.439882698 0.080955115 WNT1, ATXN7, PLCB1, IRS1, IGFBP3, GIGYF1 2.563118501 1 0.468248946 81.32625476 
GO:0007189~adenylate cyclase-activating 
G-protein coupled receptor signaling 
pathway 
10 0.73313783 0.081313269 OPRM1, CRHR1, CALCR, CALCA, UCN2, DRD2, ADCY5, LHCGR, ADRA1D, GLP1R 1.886277685 1 0.469467718 81.47037517 
GO:0051899~membrane depolarization 10 0.73313783 0.081313269 CAV3, SCN1A, SCN2B, ANK3, CACNA1E, ATPIF1, CACNG2, SRC, SCN4A, TPCN2 1.886277685 1 0.469467718 81.47037517 
GO:0045787~positive regulation of cell 
cycle 27 1.979472141 0.081441888 
DYNC1LI1, CHMP3, HOXA13, DRD2, SOX4, SRC, OVOL1, TGFA, PLCB1, FOSL1, MYC, CASP2, DAB2IP, ANP32B, MET, TP53, LEF1, PRKCE, TRIM21, TP73, 
RAB11FIP4, CCND1, UHRF2, FOXG1, TRIM32, PKP4, PDGFRB 1.385714243 1 0.469693256 81.52187286 
GO:0051052~regulation of DNA metabolic 
process 32 2.346041056 0.081531961 
UNG, PPARG, KITLG, SRC, SLX4, GATA3, RNF169, BCL6, NAT10, TNKS, AXIN2, MYC, PID1, CCDC88A, MET, TP53, SIRT6, WHSC1, HGF, FOXP3, GRHL2, SIRT1, 
PRKCQ, CDAN1, OBFC1, MCIDAS, PDGFRA, PDGFRB, AREG, IGFBP3, KLF4, SUPT6H 1.339420235 1 0.469752365 81.5578566 
GO:0016444~somatic cell DNA 
recombination 
8 0.586510264 0.081664618 SWAP70, UNG, BCL11B, LEF1, BCL6, WHSC1, FOXP3, FOXP1 2.112631007 1 0.469994562 81.61073053 
GO:0018208~peptidyl-proline 
modification 
8 0.586510264 0.081664618 OGFOD1, PPIE, FKBP9, PPIL2, FKBP1A, FKBP11, FKBP1B, NKTR 2.112631007 1 0.469994562 81.61073053 
GO:0060324~face development 8 0.586510264 0.081664618 DKK1, MAP2K1, PDGFRA, LEF1, RRAS, SKI, GRHL2, TWIST2 2.112631007 1 0.469994562 81.61073053 
GO:0010828~positive regulation of 
glucose transport 
8 0.586510264 0.081664618 RNASEL, MET, ADIPOR2, RHOQ, MARCKS, CLIP3, IRS1, GLP1R 2.112631007 1 0.469994562 81.61073053 
GO:0002562~somatic diversification of 
immune receptors via germline 
recombination within a single locus 
8 0.586510264 0.081664618 SWAP70, UNG, BCL11B, LEF1, BCL6, WHSC1, FOXP3, FOXP1 2.112631007 1 0.469994562 81.61073053 
GO:0045087~innate immune response 45 3.299120235 0.082022475 
PVR, FRK, DRD2, CCR1, PPARG, SNCA, NFKBIA, CALCOCO2, TRIM10, FES, SRC, LGR4, GCH1, CALCA, NLRC5, TMEM173, CCL22, ATG5, TKFC, PVRL2, LTF, 
KLRD1, MYC, SEC61A1, CSF1R, IRAK2, DAB2IP, GBP5, ATG9A, FLOT2, AXL, PRKCE, TRIM62, TRIM21, PRKD1, IKBKE, RPL13A, UBE2K, LYST, CXCL16, TRIM32, 
IRF1, IRF4, TRAFD1, VAMP2 
1.266657399 1 0.471202819 81.75264784 
GO:1901137~carbohydrate derivative 
biosynthetic process 53 3.885630499 0.082034344 
OPRM1, TUSC3, NDST1, ADCY5, LHCGR, ALG6, HS2ST1, XYLT1, CHST12, B3GALNT1, GUCY1A3, CHST13, PLCB1, MYC, PID1, PGAP2, PIGZ, CHST3, GLCE, 
CRHR1, UCN2, GRM7, ADK, MC2R, PDGFRB, AKAP6, CALCR, ALDOA, FUT9, GCNT2, MGAT5B, SYVN1, GALNT7, FUT8, DRD2, ST8SIA3, CALCA, GALNT10, 
ECE1, FUT1, TNKS, UCK2, SHMT1, MGAT4A, NOS1, AK3, SIRT6, AK4, AMPD2, AK9, COG3, HTR2C, POFUT1 
1.237604378 1 0.47092521 81.75733665 
GO:0043967~histone H4 acetylation 9 0.659824047 0.082126178 MSL2, JADE2, ING3, NCOA1, ATG5, NAA50, LEF1, IRF4, SIRT1 1.980591569 1 0.470990543 81.79357893 
GO:0045576~mast cell activation 9 0.659824047 0.082126178 CRHR1, CPLX2, SERPINE1, PVRL2, MS4A2, SNX4, VAMP2, KIT, FES 1.980591569 1 0.470990543 81.79357893 
GO:0071396~cellular response to lipid 48 3.519061584 0.082679307 
CREBRF, ADCY5, PPARG, HMGCS1, NFKBIA, PAQR7, CBX3, PAQR8, RORA, NR2C2, SRC, CXCL10, BRINP1, RPL32, XBP1, PDE4B, SERPINE1, LTF, RARB, MYC, 
PID1, IRAK2, DAB2IP, ESRRA, RET, CREB1, PDK3, AXL, NR4A2, FGF23, LEF1, MSTN, HNF4G, ATP1A2, PRKCE, SIRT1, INHBB, PPP1R9B, NR1I2, UCN2, HNF4A, 
RPL13A, CXCL16, VEGFA, IRF1, RELN, STC1, KLF4 
1.253899698 1 0.473026096 82.01042814 
GO:0003158~endothelium development 13 0.953079179 0.083571514 HOXA13, ROCK1, MET, SMAD4, DLL1, MYADM, S1PR2, S1PR3, NOTCH1, ACVR2B, PPP1R16B, OVOL2, STC1 1.685860681 1 0.476489463 82.35504899 
GO:1901701~cellular response to oxygen-
containing compound 84 6.158357771 0.083728621 
RNASEL, CPEB2, CPEB3, ADCY5, GLRA3, PPARG, NAP1L1, RHOQ, CBX3, ZEB1, RORA, CXCL10, SLC2A8, WNT1, BRINP1, PDE4B, SERPINE1, EEF2K, LTF, NQO1, 
MYC, MTUS1, PID1, IRAK2, DAB2IP, RET, SOGA1, FGF23, SOCS7, CFTR, UBR1, PRKCE, IRS1, PPARGC1B, PRKCB, CRHR1, INHBB, PRKCQ, MAP4K4, VEGFA, 
PDGFRA, AKAP6, PLA2G6, STC1, RELN, VAMP2, NGB, GLP1R, SIPA1, TH, HMGCS1, NFKBIA, SOX4, RRAGD, FKBP1B, SRC, NPTX1, ACE, RPL32, XBP1, HCN3, 
PIK3R2, KLF6, SHMT1, ESRRA, NOS1, CREB1, PDK3, MET, IL1RN, NR4A2, AXL, MSTN, HGF, USF1, SIRT1, COL5A2, PPP1R9B, RPL13A, CXCL16, IRF1, MARCKS, 
KLF4, TP53INP1 
1.174248707 1 0.476825382 82.41507979 
GO:0001890~placenta development 18 1.319648094 0.083772652 HNF1A, MAP2K1, PPARG, MET, LEF1, GRHL2, SNAI1, CDKN1C, NOTCH2, PEG10, NCOA1, PTGIS, OVOL2, MC2R, GAB1, SERPINE1, STC1, FOSL1 1.519988879 1 0.476682704 82.431869 
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GO:0009205~purine ribonucleoside 
triphosphate metabolic process 21 1.539589443 0.084049157 PID1, ALDOA, LDHA, PFKFB3, CYCS, SNCA, TP53, NDUFC2, AK3, HK1, RHOQ, SIRT6, PFKM, ATP1A2, AK4, CBFA2T3, AMPD2, AK9, SDHC, MYC, HTR2A 1.459383261 1 0.477521628 82.53695559 
GO:0048565~digestive tract development 17 1.246334311 0.084370985 CLDN18, HOXA13, VPS52, KIT, TP73, LGR4, NOTCH1, ACVR2B, OVOL2, MYOCD, FAT4, TRPS1, GATA3, BCL2, PDGFRA, RELN, RARB 1.543210931 1 0.478548642 82.65851546 
GO:0030879~mammary gland 
development 
17 1.246334311 0.084370985 SLC12A2, CREB1, SLC6A3, MET, LEF1, IRS1, SRC, CCND1, NCOA1, PRLR, XBP1, GATA3, VEGFA, TGFA, AREG, AGAP2, NCOR2 1.543210931 1 0.478548642 82.65851546 
GO:0007270~neuron-neuron synaptic 
transmission 
14 1.026392962 0.084423687 RAB3B, SLC6A1, DRD2, GLRA3, SLC6A3, SNCA, TH, PRKCE, TOR1A, TMOD2, PLA2G6, RELN, NAT8L, HTR2A 1.639844632 1 0.478441767 82.67834504 
GO:0048660~regulation of smooth muscle 
cell proliferation 
14 1.026392962 0.084423687 PPARG, TP53, IL6R, FOXP1, IRAK4, NOTCH3, MFN2, CDH13, SERPINF2, VEGFA, PDGFRB, IGFBP3, MYC, KLF4 1.639844632 1 0.478441767 82.67834504 
GO:0015696~ammonium transport 11 0.806451613 0.0845579 RAB3B, NOS1, SLC12A2, DRD2, XBP1, SLC6A3, SNCA, SNX4, HTR2C, SCN4A, NAT8L 1.79514292 1 0.478677433 82.72874717 
GO:2001243~negative regulation of 
intrinsic apoptotic signaling pathway 11 0.806451613 0.0845579 PGAP2, SYVN1, HDAC1, XBP1, BCL2, TRIM32, CREB3L1, BDKRB2, SIRT1, SNAI1, SRC 1.79514292 1 0.478677433 82.72874717 
GO:0002027~regulation of heart rate 11 0.806451613 0.0845579 CAV3, CALCA, NOS1AP, ANK2, SCN2B, DRD2, PLN, CACNA1E, MDM4, SIRT1, FKBP1B 1.79514292 1 0.478677433 82.72874717 
GO:0043244~regulation of protein 
complex disassembly 
11 0.806451613 0.0845579 OGFOD1, DBNL, LIMA1, SWAP70, PLEKHH2, MAP1A, TMOD2, MYH9, MID1, ADD2, MAP6D1 1.79514292 1 0.478677433 82.72874717 
GO:1990138~neuron projection extension 16 1.173020528 0.084725643 NRP2, SYT1, NRN1, RAPH1, VCL, ALCAM, SEMA6A, SEMA4F, MAPT, SEMA3E, VEGFA, SEMA4C, SEMA4B, NEDD4L, DCX, DISC1 1.570198721 1 0.479053205 82.79154497 
GO:0006887~exocytosis 29 2.126099707 0.084979887 
SYT1, CPLX2, CHMP3, SRCIN1, CCR1, SYNJ1, SNCA, SYT9, SNX4, KIT, ITSN1, FES, RIMS4, RIMS3, ARHGAP44, TRIM9, MS4A2, VPS4A, PLCB1, TMEM79, STX1A, 
ABR, CFTR, PCLO, CRHR1, NOTCH1, PLA2G6, ADGRL1, VAMP2 1.35872841 1 0.479790105 82.88631283 
GO:0071900~regulation of protein 
serine/threonine kinase activity 35 2.565982405 0.086066754 
CAV3, SNCA, KITLG, LPAR2, BCCIP, KIT, PDCD4, SRC, ACSL1, MYOCD, MDFIC, GAB1, LTF, TGFA, SPRED1, CSF1R, IRAK2, DAB2IP, MAP2K1, IL1RN, MET, HGF, 
PKIA, SIRT1, TP73, CDKN1C, DUSP4, EPHA4, CCND1, VEGFA, SMPD1, PDGFRB, AKAP6, MARCKS, HTR2A 1.310185144 1 0.48399087 83.28587629 
GO:0061005~cell differentiation involved 
in kidney development 7 0.513196481 0.086243417 AMER1, NOTCH1, FAT4, PODXL, GATA3, JAG1, LGR4 2.259341494 1 0.484394771 83.34997983 
GO:0002287~alpha-beta T cell activation 
involved in immune response 7 0.513196481 0.086243417 GATA3, LEF1, BCL6, IRF4, RORA, FOXP3, FOXP1 2.259341494 1 0.484394771 83.34997983 
GO:0030514~negative regulation of BMP 
signaling pathway 7 0.513196481 0.086243417 WNT1, NOTCH1, DKK1, PPM1A, SKI, GREM2, TMPRSS6 2.259341494 1 0.484394771 83.34997983 
GO:1990267~response to transition metal 
nanoparticle 19 1.392961877 0.086322937 ARSB, DRD2, SLC6A3, CREB1, GLRA3, SNCA, TH, FKBP1A, KCNK3, MBP, CCND1, ANK2, PLN, BCL2, CYBRD1, NGB, SLC30A3, HCN3, SLC30A6 1.491688785 1 0.484395616 83.37875785 
GO:0019226~transmission of nerve 
impulse 10 0.73313783 0.086611254 SCN1A, ANK3, KCNA2, GRM7, CACNG4, CNTNAP1, CACNA1E, CACNG2, FKBP1B, SCN4A 1.862094638 1 0.485259671 83.48270366 
GO:0018107~peptidyl-threonine 
phosphorylation 10 0.73313783 0.086611254 S1PR2, SBK1, UBE2K, BCL2, MET, HK1, TNKS, OXSR1, SPRED1, PRKCB 1.862094638 1 0.485259671 83.48270366 
GO:0008277~regulation of G-protein 
coupled receptor protein signaling 
pathway 
12 0.879765396 0.086680933 CALCA, PPP1R9B, GPR158, ECE1, NOS1, DRD2, SNCA, CNTN2, GRK6, TMOD2, PLCB1, RIC8B 1.725663941 1 0.485219196 83.50773194 
GO:0051384~response to glucocorticoid 25 1.832844575 0.086845413 
CREBRF, CALCR, TH, CBX3, ACE, RPL32, PAPPA, BCL2, SERPINE1, GPX3, FOSL1, MAP2K1, IL1RN, MSTN, IL6R, FOSB, PPARGC1B, CCND1, UCN2, UCP3, VEGFA, 
STC1, RELN, AREG, DPYD 
1.396570978 1 0.485569687 83.5666691 
GO:0042306~regulation of protein import 
into nucleus 
18 1.319648094 0.087260599 DAB2IP, PPM1A, PPP3R1, SMAD4, NFKBIA, TNFSF14, EDAR, SIRT1, PKIA, PRKCQ, TMEM173, UACA, HNF4A, XBP1, MDFIC, AKAP6, AXIN2, PIK3R2 1.511202816 1 0.486950339 83.71455274 
GO:0046823~negative regulation of 
nucleocytoplasmic transport 
9 0.659824047 0.087941844 DAB2IP, UACA, HNF4A, MDFIC, PPM1A, SOX4, NFKBIA, AXIN2, PKIA 1.951030501 1 0.489414074 83.95446789 
GO:1901888~regulation of cell junction 
assembly 
9 0.659824047 0.087941844 CORO1C, ACE, ROCK1, MYO1C, VEGFA, PRKCH, NEDD4L, SNAI1, SRC 1.951030501 1 0.489414074 83.95446789 
GO:0009913~epidermal cell differentiation 17 1.246334311 0.088015653 ROCK1, MAP2K1, CTNND1, PRKCH, DLL1, JAG1, GRHL2, MYCN, NOTCH1, OVOL2, HDAC1, BCL11B, CLIC5, SLC4A7, CUX1, KLF4, TMEM79 1.53362577 1 0.48938741 83.98025907 
GO:0043367~CD4-positive, alpha-beta T 
cell differentiation 8 0.586510264 0.088084925 SATB1, GATA3, LEF1, BCL6, IRF4, RORA, FOXP3, FOXP1 2.074905453 1 0.4893423 84.00442874 
GO:0007033~vacuole organization 16 1.173020528 0.088538105 MFSD8, ATG9A, ATG13, CALCOCO2, WIPI2, HOOK3, TPCN2, TBC1D25, ATG5, AKTIP, ATG4B, LYST, STX17, VPS4A, TP53INP2, TP53INP1 1.559660475 1 0.490860872 84.16169594 
GO:0006865~amino acid transport 16 1.173020528 0.088538105 SLC6A1, NFKBIE, IL1RN, SNCA, SLC6A14, SLC7A10, SLC6A17, PEX3, SLC7A6, SLC7A2, SERINC1, GRM7, PER2, SLC38A1, HTR2C, MYC 1.559660475 1 0.490860872 84.16169594 
GO:0009260~ribonucleotide biosynthetic 
process 24 1.759530792 0.088604918 
PID1, CALCR, OPRM1, ALDOA, NOS1, DRD2, ADCY5, LHCGR, AK3, AK4, AMPD2, AK9, CALCA, CRHR1, UCN2, ECE1, GRM7, ADK, MC2R, AKAP6, GUCY1A3, 
UCK2, MYC, HTR2C 1.405581113 1 0.490804745 84.18475764 
GO:0030808~regulation of nucleotide 
biosynthetic process 14 1.026392962 0.088609115 OPRM1, CALCR, PID1, NOS1, DRD2, LHCGR, CALCA, CRHR1, ECE1, GRM7, MC2R, AKAP6, GUCY1A3, MYC 1.626725875 1 0.490494391 84.18620535 
GO:1900371~regulation of purine 
nucleotide biosynthetic process 14 1.026392962 0.088609115 OPRM1, CALCR, PID1, NOS1, DRD2, LHCGR, CALCA, CRHR1, ECE1, GRM7, MC2R, AKAP6, GUCY1A3, MYC 1.626725875 1 0.490494391 84.18620535 
GO:0045616~regulation of keratinocyte 
differentiation 5 0.366568915 0.088951237 NOTCH1, OVOL2, ROCK1, PRKCH, GRHL2 2.904867635 1 0.491555333 84.30378493 
GO:0035418~protein localization to 
synapse 5 0.366568915 0.088951237 NRXN2, ASIC2, DLG3, RELN, NETO1 2.904867635 1 0.491555333 84.30378493 
GO:0045822~negative regulation of heart 
contraction 5 0.366568915 0.088951237 NOS1, PLN, ATP1A2, FKBP1B, ADRA1D 2.904867635 1 0.491555333 84.30378493 
GO:0014059~regulation of dopamine 
secretion 5 0.366568915 0.088951237 DRD2, KCNA2, SNCA, HTR2A, PRKCB 2.904867635 1 0.491555333 84.30378493 
GO:0030201~heparan sulfate 
proteoglycan metabolic process 5 0.366568915 0.088951237 NDST1, HPSE, XYLT1, GLCE, HS2ST1 2.904867635 1 0.491555333 84.30378493 
GO:0033197~response to vitamin E 5 0.366568915 0.088951237 CCND1, NOS1, PPARG, HMGCS1, FKBP1B 2.904867635 1 0.491555333 84.30378493 
GO:0048010~vascular endothelial growth 
factor receptor signaling pathway 
6 0.439882698 0.089367523 PRKD1, DAB2IP, NEDD4, XBP1, VEGFA, PRKCB 2.489886544 1 0.492912225 84.4457337 
GO:0048730~epidermis morphogenesis 6 0.439882698 0.089367523 FOXQ1, NOTCH1, BCL2, SNAI1, KLF4, TMEM79 2.489886544 1 0.492912225 84.4457337 
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GO:0060325~face morphogenesis 6 0.439882698 0.089367523 DKK1, PDGFRA, LEF1, RRAS, SKI, TWIST2 2.489886544 1 0.492912225 84.4457337 
GO:0003230~cardiac atrium development 6 0.439882698 0.089367523 NOTCH2, NOTCH1, ANK2, SOX4, WHSC1, MDM4 2.489886544 1 0.492912225 84.4457337 
GO:0009152~purine ribonucleotide 
biosynthetic process 23 1.686217009 0.090347098 
PID1, CALCR, OPRM1, ALDOA, NOS1, DRD2, ADCY5, LHCGR, AK3, AK4, AMPD2, AK9, CALCA, CRHR1, UCN2, ECE1, GRM7, ADK, MC2R, AKAP6, GUCY1A3, 
MYC, HTR2C 1.415507534 1 0.496527423 84.77496324 
GO:0071559~response to transforming 
growth factor beta 21 1.539589443 0.090426882 
CAV3, MUC2, GCNT2, FUT8, STRAP, CREB1, ONECUT2, TP53, PPM1A, SMAD4, MSTN, SKI, ZEB1, SIRT1, SRC, CDKN1C, WNT1, PEG10, MYOCD, SERPINE1, 
BCL9L 1.445550245 1 0.496519353 84.80148475 
GO:0033002~muscle cell proliferation 18 1.319648094 0.090840778 PPARG, TP53, MSTN, IL6R, SIRT1, FOXP1, TP73, IRAK4, MFN2, NOTCH3, CDH13, NOTCH1, SERPINF2, VEGFA, PDGFRB, IGFBP3, MYC, KLF4 1.502517742 1 0.497847655 84.93836746 
GO:0007173~epidermal growth factor 
receptor signaling pathway 
10 0.73313783 0.092109885 SHKBP1, DAB2IP, CAMLG, FAM83A, PLCG1, GAB1, TGFA, SOCS4, AREG, SRC 1.838523819 1 0.502566687 85.35082242 
GO:0060759~regulation of response to 
cytokine stimulus 
10 0.73313783 0.092109885 IRAK2, CREBRF, NLRC5, UBE2K, TRIM32, IL1RN, PPARG, AXL, PADI2, KLF4 1.838523819 1 0.502566687 85.35082242 
GO:0030814~regulation of cAMP 
metabolic process 
13 0.953079179 0.092496793 OPRM1, CALCR, TBL1XR1, DRD2, LHCGR, CXCL11, CXCL10, CALCA, CRHR1, ECE1, GRM7, MC2R, AKAP6 1.656284178 1 0.503767379 85.47441732 
GO:1902593~single-organism nuclear 
import 
25 1.832844575 0.092655609 SPRN, DAB2IP, LMNA, DAG1, SMAD4, SIX3, PPP3R1, PPM1A, TP53, TNFSF14, NFKBIA, EDAR, PKIA, SIRT1, PRKCQ, TMEM173, UACA, CRY2, HNF4A, MDFIC, 
XBP1, AKAP6, BCL6, AXIN2, PIK3R2 
1.385910131 1 0.504065055 85.52486263 
GO:0006606~protein import into nucleus 25 1.832844575 0.092655609 
SPRN, DAB2IP, LMNA, DAG1, SMAD4, SIX3, PPP3R1, PPM1A, TP53, TNFSF14, NFKBIA, EDAR, PKIA, SIRT1, PRKCQ, TMEM173, UACA, CRY2, HNF4A, MDFIC, 
XBP1, AKAP6, BCL6, AXIN2, PIK3R2 
1.385910131 1 0.504065055 85.52486263 
GO:0044744~protein targeting to nucleus 25 1.832844575 0.092655609 
SPRN, DAB2IP, LMNA, DAG1, SMAD4, SIX3, PPP3R1, PPM1A, TP53, TNFSF14, NFKBIA, EDAR, PKIA, SIRT1, PRKCQ, TMEM173, UACA, CRY2, HNF4A, MDFIC, 
XBP1, AKAP6, BCL6, AXIN2, PIK3R2 
1.385910131 1 0.504065055 85.52486263 
GO:0032968~positive regulation of 
transcription elongation from RNA 
polymerase II promoter 
4 0.293255132 0.092952162 MAP2K1, GTF2F1, RTF1, SUPT6H 3.631084543 1 0.504904102 85.61861279 
GO:1901017~negative regulation of 
potassium ion transmembrane transporter 
activity 
4 0.293255132 0.092952162 CAV3, ANK3, NEDD4L, OXSR1 3.631084543 1 0.504904102 85.61861279 
GO:0046325~negative regulation of 
glucose import 
4 0.293255132 0.092952162 PID1, PEA15, SIRT6, MYC 3.631084543 1 0.504904102 85.61861279 
GO:0060252~positive regulation of glial 
cell proliferation 
4 0.293255132 0.092952162 PLAG1, GFAP, PRKCH, MYC 3.631084543 1 0.504904102 85.61861279 
GO:0046851~negative regulation of bone 
remodeling 
4 0.293255132 0.092952162 CALCA, CLDN18, VEGFA, INPP5D 3.631084543 1 0.504904102 85.61861279 
GO:0051974~negative regulation of 
telomerase activity 
4 0.293255132 0.092952162 OBFC1, PPARG, TP53, SRC 3.631084543 1 0.504904102 85.61861279 
GO:0072074~kidney mesenchyme 
development 
4 0.293255132 0.092952162 AMER1, SMAD4, PDGFRB, MYC 3.631084543 1 0.504904102 85.61861279 
GO:0003215~cardiac right ventricle 
morphogenesis 
4 0.293255132 0.092952162 NOTCH1, GATA3, SOX4, JAG1 3.631084543 1 0.504904102 85.61861279 
GO:0009615~response to virus 29 2.126099707 0.0931232 
RNASEL, SCN1A, CRNKL1, RNF216, PEX3, SRC, CXCL10, NLRC5, TMEM173, GMIP, TKFC, GATA3, BCL2, HYAL3, MAP1A, MSTN, CHST3, CDK6, FOXP3, 
ZCCHC17, FAM131B, IKBKE, KCNJ8, HNRNPUL1, LYST, GTF2F1, IRF1, TREM1, STMN1 
1.345705454 1 0.505247784 85.67242113 
GO:0043623~cellular protein complex 
assembly 40 2.93255132 0.093152025 
CAV3, NDUFAF6, CHMP3, AP1B1, WASF1, SYNJ1, SNCA, PPM1A, FKBP1A, MAF1, FES, KIF13A, TMEM33, TRIM9, MAPT, PSMD5, SAR1A, FCHO2, HIP1, 
PIK3R2, DBNL, DNM1L, GBP5, POGZ, RAP1GDS1, SMAD4, MYH9, PRKCE, MYADM, TTC19, GMFB, PRLR, UBE2K, TPPP, TMOD2, CLIP3, STMN1, ATPAF1, 
ADD2, MAP7D3 
1.274064752 1 0.505032701 85.68147047 
GO:0009141~nucleoside triphosphate 
metabolic process 
23 1.686217009 0.093458621 PID1, ALDOA, LDHA, PFKFB3, CYCS, SNCA, TP53, AK3, NDUFC2, HK1, RHOQ, SIRT6, PFKM, ATP1A2, AK4, CBFA2T3, AMPD2, AK9, ADK, SDHC, UCK2, MYC, 
HTR2A 
1.409534928 1 0.505906806 85.77738913 
GO:0005996~monosaccharide metabolic 
process 
23 1.686217009 0.093458621 GPD2, ALDOA, LDHA, SOGA1, PFKFB3, PGD, TP53, ARPP19, HK1, PFKM, PRKCE, FUCA2, SIRT1, BRAT1, IRS1, USF1, SRC, GALM, HNF4A, PGM1, PER2, POFUT1, 
MYC 
1.409534928 1 0.505906806 85.77738913 
GO:0007049~cell cycle 94 6.891495601 0.093713893 
DYNC1LI1, LZTS2, CHMP3, FAM175B, CTDSPL, CHMP7, SPICE1, CCNE2, SLC2A8, BRINP1, PRMT2, RSPO1, MYOCD, ANK3, GATA3, VPS4A, TGFA, CTDSP2, 
TUBB1, PLCB1, CASP2, FOSL1, MYC, PID1, DAB2IP, POGZ, ANP32B, TP53, SIX3, LEF1, RAD9B, RAD9A, CDK6, MYH9, PRKCE, PKIA, FOXN3, KLHDC3, 
RAB11FIP4, MFN2, PRKCQ, MAP4K4, CCND1, XPC, UHRF2, PSME1, HNF4A, MCIDAS, FOXG1, TRIM32, TBRG1, PDGFRB, MAPRE2, MDM4, STMN1, MAP3K14, 
CLOCK, SNX9, FZR1, USP8, HOXA13, DRD2, SOX4, BCCIP, SRC, NR2C2, PEA15, NAA50, BCL2, OVOL1, TFDP2, TNKS, AGO4, AXIN2, CHD3, MAP2K1, MET, 
ARPP19, CDC23, OXSR1, GAS1, SNAI1, SIRT1, TP73, TRIM21, CDC25A, CDKN1C, NOTCH2, CDH13, PKP4, IRF1, KDM8, DGKZ, TP53INP1 
1.157023549 1 0.506577573 85.85678535 
GO:0090199~regulation of release of 
cytochrome c from mitochondria 7 0.513196481 0.09371709 MOAP1, DNM1L, TP53, LMNA, PLA2G6, HGF, BMF 2.210225374 1 0.506262372 85.85777699 
GO:0045599~negative regulation of fat cell 
differentiation 7 0.513196481 0.09371709 WNT1, GATA3, VEGFA, RORA, JAG1, SIRT1, NCOR2 2.210225374 1 0.506262372 85.85777699 
GO:0006024~glycosaminoglycan 
biosynthetic process 7 0.513196481 0.09371709 NDST1, XYLT1, CHST12, CHST3, CHST13, PDGFRB, GLCE 2.210225374 1 0.506262372 85.85777699 
GO:0045761~regulation of adenylate 
cyclase activity 7 0.513196481 0.09371709 OPRM1, CRHR1, CALCR, CALCA, DRD2, GRM7, LHCGR 2.210225374 1 0.506262372 85.85777699 
GO:0030834~regulation of actin filament 
depolymerization 7 0.513196481 0.09371709 DBNL, LIMA1, SWAP70, PLEKHH2, TMOD2, MYH9, ADD2 2.210225374 1 0.506262372 85.85777699 
GO:0048511~rhythmic process 34 2.492668622 0.093788373 
OPRM1, DRD2, CRTC1, KCNA2, LHCGR, PPARG, TH, KITLG, KIT, RORA, LGR4, CRY2, BCL2, PER2, CASP2, MYC, CAPN5, CREB1, AXL, SMAD4, SIX3, TP53, MSTN, 
SIRT1, NCOA1, HDAC1, ADK, VEGFA, PDGFRA, KCNH7, DPYD, CLOCK, NCOR2, OPN4 1.306421952 1 0.506213453 85.87987117 
GO:0048524~positive regulation of viral 
process 9 0.659824047 0.093990563 PPIE, NOTCH1, CHMP3, MDFIC, LEF1, VPS37B, VPS4A, CHD1, TRIM21 1.922338876 1 0.506675121 85.9423613 
GO:0042733~embryonic digit 
morphogenesis 9 0.659824047 0.093990563 NOTCH1, ECE1, HDAC1, FBXW4, SMAD4, GAS1, GRHL2, LRP4, MYCN 1.922338876 1 0.506675121 85.9423613 
GO:0071805~potassium ion 18 1.319648094 0.094513459 CAV3, KCNC3, KCNA2, ATP1A2, OXSR1, KCNK3, KCNQ3, KCNS2, ANK2, KCNJ8, ANK3, NEDD4, KCNN3, AKAP6, KCNH7, NEDD4L, VAMP2, HCN3 1.493931926 1 0.508382318 86.10275583 
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transmembrane transport 
GO:0071804~cellular potassium ion 
transport 
18 1.319648094 0.094513459 CAV3, KCNC3, KCNA2, ATP1A2, OXSR1, KCNK3, KCNQ3, KCNS2, ANK2, KCNJ8, ANK3, NEDD4, KCNN3, AKAP6, KCNH7, NEDD4L, VAMP2, HCN3 1.493931926 1 0.508382318 86.10275583 
GO:0006109~regulation of carbohydrate 
metabolic process 
18 1.319648094 0.094513459 SOGA1, PFKFB3, PDK3, LHCGR, SNCA, TP53, ARPP19, SIRT6, RORA, PRKCE, CBFA2T3, SIRT1, IRS1, SRC, HNF4A, IGFBP3, MYC, HTR2A 1.493931926 1 0.508382318 86.10275583 
GO:1900543~negative regulation of purine 
nucleotide metabolic process 
8 0.586510264 0.094782345 OPRM1, PID1, DRD2, GRM7, TP53, AKAP6, SIRT6, CBFA2T3 2.038503603 1 0.509098196 86.18455632 
GO:0071156~regulation of cell cycle arrest 8 0.586510264 0.094782345 DAB2IP, CCND1, UHRF2, TP53, SOX4, MDM4, CASP2, TP73 2.038503603 1 0.509098196 86.18455632 
GO:1904590~negative regulation of 
protein import 8 0.586510264 0.094782345 DAB2IP, UACA, HNF4A, MDFIC, PPM1A, NFKBIA, AXIN2, PKIA 2.038503603 1 0.509098196 86.18455632 
GO:0010171~body morphogenesis 8 0.586510264 0.094782345 DKK1, DAG1, PDGFRA, LEF1, RRAS, SKI, GREM2, TWIST2 2.038503603 1 0.509098196 86.18455632 
GO:0042308~negative regulation of 
protein import into nucleus 
8 0.586510264 0.094782345 DAB2IP, UACA, HNF4A, MDFIC, PPM1A, NFKBIA, AXIN2, PKIA 2.038503603 1 0.509098196 86.18455632 
GO:0021782~glial cell development 11 0.806451613 0.094784854 GFAP, KCNQ3, MET, DAG1, CNTN2, MYRF, PPP3R1, SOX4, SKI, DLL1, ADAM22 1.75568923 1 0.508781068 86.18531737 
GO:0090317~negative regulation of 
intracellular protein transport 11 0.806451613 0.094784854 DAB2IP, UACA, HNF4A, MDFIC, PPM1A, SOX4, NFKBIA, SVIP, LYPLAL1, AXIN2, PKIA 1.75568923 1 0.508781068 86.18531737 
GO:0042542~response to hydrogen 
peroxide 17 1.246334311 0.095602674 KLF6, LDHA, GNAO1, MET, AXL, HGF, SIRT1, FKBP1B, SRC, PLCG1, BCL2, SERPINE1, PDGFRB, AREG, NGB, FOSL1, KLF4 1.514808276 1 0.511612997 86.43130109 
GO:0048469~cell maturation 17 1.246334311 0.095602674 RET, TFCP2L1, PPARG, NTN4, AXL, NR4A2, SIX3, CFTR, FARP2, CDKN1C, XBP1, BCL2, GATA3, VEGFA, CNTN2, CNTNAP2, TMEM79 1.514808276 1 0.511612997 86.43130109 
GO:0046717~acid secretion 12 0.879765396 0.096377342 PNPLA8, ACE, SLC6A1, DRD2, GRM7, LHCGR, IL1RN, PLA2G6, BDKRB2, ACSL4, HTR2C, MYC 1.692155904 1 0.51426093 86.66046446 
GO:0055088~lipid homeostasis 13 0.953079179 0.097169717 CAV3, TMEM97, DGAT1, HNF4A, PEX2, XBP1, LYST, SLC25A27, ORMDL3, RORA, SIRT1, GPIHBP1, USF1 1.641881706 1 0.516959579 86.89106072 
GO:0035637~multicellular organismal 
signaling 
13 0.953079179 0.097169717 SCN1A, SCN2B, KCNA2, CACNG4, CACNG2, FKBP1B, ANK2, ANK3, PLN, GRM7, CACNA1E, CNTNAP1, SCN4A 1.641881706 1 0.516959579 86.89106072 
GO:0009123~nucleoside monophosphate 
metabolic process 
24 1.759530792 0.097768715 PID1, ALDOA, SHMT1, LDHA, PFKFB3, CYCS, SNCA, TP53, AK3, NDUFC2, HK1, SIRT6, PFKM, ATP1A2, AK4, CBFA2T3, AMPD2, AK9, ADK, SDHC, DLG3, UCK2, 
MYC, HTR2A 
1.388781339 1 0.518908031 87.06286247 
GO:0031623~receptor internalization 10 0.73313783 0.09780849 CALCR, CAV3, CALCA, DRD2, NEDD4, LRRTM2, VEGFA, SNCA, CNTN2, CXCR1 1.815542272 1 0.518730936 87.07419444 
GO:0045913~positive regulation of 
carbohydrate metabolic process 
10 0.73313783 0.09780849 HNF4A, LHCGR, SNCA, ARPP19, PRKCE, SIRT1, IRS1, MYC, SRC, HTR2A 1.815542272 1 0.518730936 87.07419444 
GO:1901879~regulation of protein 
depolymerization 
10 0.73313783 0.09780849 DBNL, LIMA1, SWAP70, PLEKHH2, MAP1A, TMOD2, MYH9, MID1, ADD2, MAP6D1 1.815542272 1 0.518730936 87.07419444 
GO:0032965~regulation of collagen 
biosynthetic process 
6 0.439882698 0.098213482 SERPINF2, PPARG, PDGFRB, MKX, IL6R, SUCO 2.420723029 1 0.519935949 87.18904294 
GO:0071158~positive regulation of cell 
cycle arrest 
6 0.439882698 0.098213482 DAB2IP, UHRF2, TP53, SOX4, CASP2, TP73 2.420723029 1 0.519935949 87.18904294 
GO:0046683~response to 
organophosphorus 
18 1.319648094 0.098278838 LDHA, SLC6A3, CFTR, FOSB, IL6R, PPARGC1B, INHBB, THBD, HNF4A, RPL13A, BCL2, SERPINE1, EEF2K, AKAP6, STC1, AREG, FOSL1, HCN3 1.485443677 1 0.519855292 87.20748565 
GO:0016051~carbohydrate biosynthetic 
process 
18 1.319648094 0.098278838 GPD2, SOGA1, NDST1, PHKG2, PGD, LHCGR, SNCA, ARPP19, SIRT1, IRS1, HS2ST1, HNF4A, CHST10, CHST12, B3GALNT1, PGM1, PER2, CHST13 1.485443677 1 0.519855292 87.20748565 
GO:1904589~regulation of protein import 18 1.319648094 0.098278838 DAB2IP, PPM1A, PPP3R1, SMAD4, NFKBIA, TNFSF14, EDAR, SIRT1, PKIA, PRKCQ, TMEM173, UACA, HNF4A, XBP1, MDFIC, AKAP6, AXIN2, PIK3R2 1.485443677 1 0.519855292 87.20748565 
GO:0051170~nuclear import 25 1.832844575 0.098715308 SPRN, DAB2IP, LMNA, DAG1, SMAD4, SIX3, PPP3R1, PPM1A, TP53, TNFSF14, NFKBIA, EDAR, PKIA, SIRT1, PRKCQ, TMEM173, UACA, CRY2, HNF4A, MDFIC, 
XBP1, AKAP6, BCL6, AXIN2, PIK3R2 
1.375410812 1 0.521173515 87.33000731 
GO:1901990~regulation of mitotic cell 
cycle phase transition 
20 1.46627566 0.098867908 PID1, DYNC1LI1, ANP32B, CTDSPL, TP53, SOX4, CDC23, PKIA, TP73, FOXN3, PRKCQ, CCND1, XPC, PRMT2, PSME1, BCL2, DGKZ, CTDSP2, PLCB1, CASP2 1.445207778 1 0.521420296 87.37258032 
GO:0006461~protein complex assembly 99 7.258064516 0.099076163 
CALHM1, KCNC3, CHMP3, SLC6A1, FGFRL1, SNCA, MAF1, SHKBP1, KIF13A, LGI1, SAR1A, DBNL, GBP5, SCUBE3, RAP1GDS1, MYH9, IRS1, FARP2, VEGFA, 
ATPIF1, CLIP3, STMN1, VAMP2, ADD2, MAP7D3, ALDOA, CAV3, SNX9, KCNA2, CRTC1, SRC, KCNS2, CDA, TNKS, FCHO2, BMF, HIP1, PARD6B, MAP2K1, AK3, 
SMAD4, SKI, IKBKE, TMOD2, NDUFAF6, LZTS2, HNF1A, AP1B1, FAM175B, WASF1, PRKAG1, GLRA3, SYNJ1, MITF, NAP1L1, FES, NAP1L5, SPICE1, TRIM9, 
MAPT, GPX3, PSMD5, TUBB1, FOSL1, SH3PXD2B, STX1A, POGZ, ANP32B, KCTD21, TP53, PFKM, PRKCE, MYADM, UBE2K, TPPP, KCNH7, MDM4, ATPAF1, 
PARVA, TH, PPM1A, FKBP1A, GCH1, TMEM33, TOR1A, SEC16A, PIK3R2, EHD4, SHMT1, DNM1L, CREB1, TP73, TRIM21, TTC19, GMFB, PRLR, PLN, SVIP, LRP4 
1.143921622 1 0.521875515 87.43046076 
GO:0070271~protein complex biogenesis 99 7.258064516 0.099076163 
CALHM1, KCNC3, CHMP3, SLC6A1, FGFRL1, SNCA, MAF1, SHKBP1, KIF13A, LGI1, SAR1A, DBNL, GBP5, SCUBE3, RAP1GDS1, MYH9, IRS1, FARP2, VEGFA, 
ATPIF1, CLIP3, STMN1, VAMP2, ADD2, MAP7D3, ALDOA, CAV3, SNX9, KCNA2, CRTC1, SRC, KCNS2, CDA, TNKS, FCHO2, BMF, HIP1, PARD6B, MAP2K1, AK3, 
SMAD4, SKI, IKBKE, TMOD2, NDUFAF6, LZTS2, HNF1A, AP1B1, FAM175B, WASF1, PRKAG1, GLRA3, SYNJ1, MITF, NAP1L1, FES, NAP1L5, SPICE1, TRIM9, 
MAPT, GPX3, PSMD5, TUBB1, FOSL1, SH3PXD2B, STX1A, POGZ, ANP32B, KCTD21, TP53, PFKM, PRKCE, MYADM, UBE2K, TPPP, KCNH7, MDM4, ATPAF1, 
PARVA, TH, PPM1A, FKBP1A, GCH1, TMEM33, TOR1A, SEC16A, PIK3R2, EHD4, SHMT1, DNM1L, CREB1, TP73, TRIM21, TTC19, GMFB, PRLR, PLN, SVIP, LRP4 
1.143921622 1 0.521875515 87.43046076 
GO:0009116~nucleoside metabolic 
process 
30 2.19941349 0.099239582 
ALDOA, LDHA, PFKFB3, SNCA, HK1, RHOQ, CBFA2T3, PNP, CDA, DLG3, UCK2, MYC, PID1, DNM1L, CYCS, TP53, AK3, NDUFC2, SIRT6, PFKM, ATP1A2, AK4, 
AMPD2, AK9, SDHC, ADK, ATPIF1, DPYD, AHCYL2, HTR2A 
1.328445565 1 0.522161611 87.47570359 
GO:2000377~regulation of reactive oxygen 
species metabolic process 
17 1.246334311 0.099545423 PID1, OPRM1, NOS1AP, PDK3, SNCA, CYCS, TP53, SIRT1, GCH1, MYCN, PTGIS, ATG5, BCL2, PDGFRB, BCO2, KLF4, RNF41 1.50557164 1 0.522979981 87.5599608 
GO:0046649~lymphocyte activation 52 3.812316716 0.099589229 
VTCN1, TNFSF14, RORA, ZEB1, TPD52, PNP, CD47, WNT1, ATG5, GATA3, PAG1, SATB1, EFNB3, EFNB1, FLOT2, TP53, LEF1, DLL1, CDK6, NFAM1, MYH9, 
PRKCB, PRKCQ, LYST, ADK, VAMP2, SUPT6H, PLA2G2F, UNG, SOX4, FKBP1A, KIT, FKBP1B, XBP1, BCL11B, BCL2, BCL6, INPP5D, IL2RB, CR2, SWAP70, AXL, 
WHSC1, DOCK8, FOXP3, FOXP1, NOTCH2, PKNOX1, NEDD4, IRF1, IRF4, RNF41 
1.224093331 1 0.522817295 87.57198492 
GO:0071634~regulation of transforming 
growth factor beta production 
5 0.366568915 0.099682003 SERPINF2, CREB1, MET, SMAD4, FOXP3 2.793141956 1 0.522837758 87.59741344 
GO:0060343~trabecula formation 5 0.366568915 0.099682003 CAV3, OVOL2, VEGFA, FKBP1A, PPARGC1B 2.793141956 1 0.522837758 87.59741344 
GO:0009161~ribonucleoside 
monophosphate metabolic process 
23 1.686217009 0.099888288 
PID1, ALDOA, LDHA, PFKFB3, CYCS, SNCA, TP53, AK3, NDUFC2, HK1, SIRT6, PFKM, ATP1A2, AK4, CBFA2T3, AMPD2, AK9, ADK, SDHC, DLG3, UCK2, MYC, 
HTR2A 
1.397739657 1 0.523281591 87.65377773 
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Table S4.2: GOTERMS_BP-miR351 
Term Count % PValue Genes 
Fold 
Enrichment 
Bonferroni Benjamini FDR 
GO:0035556~intracellular signal transduction 224 16.01143674 1.14E-07 
RP1, ADCY1, PPP2R5C, RORA, ITSN2, BAK1, DIRAS1, MYD88, GAB2, MAP3K9, IFNG, RAPGEF5, PELI2, TLK2, MAP2K7, ADAM9, PIK3CD, VANGL2, UBR2, BCL2L12, MARK2, RND2, CCR5, 
ARFGEF3, CCR2, VEGFA, RALGPS2, ERBB4, ERBB3, ERBB2, ASB11, AKAP13, BCL2L2, ASB13, SH3BP5L, LIF, IQSEC3, RAP1GAP2, PLAGL2, IQSEC2, DVL3, SASH1, LAMTOR3, ABR, 
ARHGEF39, TAOK1, EPM2A, IL1RN, SMAD4, SMAD2, EPHA2, SFRP5, NOTCH2, CDC42BPG, EPHA8, ARF3, RGS6, RIT1, KCNH1, FGF9, LRRC15, RFXANK, TRIAP1, BAG4, NOD1, AEN, 
STRA6, TMEM101, RAB6B, ARHGEF2, ARHGEF1, PIK3C2B, ARHGEF18, TP53, IL6R, NFAM1, JMY, ANKRD26, SS18, DOK1, SLC26A6, KSR2, SEMA4C, MAP3K10, RBM38, KCNH8, 
SEMA4D, MAP3K13, KCNH3, KCNH4, PLA2G5, MAP3K11, USP8, FFAR4, RAB3D, MKNK2, FEM1A, SEC14L1, PLEKHG2, RAB43, FAT4, BCL2, PRKAA2, RASA3, PDK2, DGKQ, SPSB1, 
SPSB4, STAT3, TP73, DUSP3, RAB37, RPS6KA1, MAPK12, TENM2, MAPK14, RAB22A, PERP, DUSP7, DUSP6, SLC44A2, SHTN1, HMGCR, FGF14, TUFT1, RBM4, RASGEF1A, ITPKB, 
EIF4EBP1, CDKN2A, MFHAS1, RBCK1, LEPROT, ASPH, RET, STMN3, MADD, SOCS4, RASGRF2, ARRB1, RASGRF1, AKAP6, TNFAIP3, ASB4, PTGDR2, MAVS, FGFR2, TNFAIP8L3, FGFR1, 
SYVN1, SLC38A9, MCL1, PKHD1, DRD4, MAPKAPK2, ITGB3, AZI2, RASAL2, RASAL1, ECE1, AKT1S1, GMIP, FGB, RHOBTB2, TRAF6, RHEBL1, RAB8B, VAV3, MUL1, TRIM62, DOCK3, PPIF, 
P2RX4, P2RX7, PDE7A, BBC3, SLC7A1, IKBKG, RHOT2, ABL1, ABL2, E2F2, NRG3, CD8A, RHOQ, PLCB3, RASL10B, TNIP2, CASP2, RABL6, SLA2, SOX11, UBE2I, SRPRB, SMO, NKIRAS2, 
RTN4RL1, CYTH1, BRSK2, PPM1A, CYTH2, TRIB2, TNFRSF1B, ERCC6, MAP3K3, REL, MAP3K1, SH2B3, PAFAH1B1, NFATC4, DCLK1, APC, EPO, NFATC1, TMBIM6, RAF1, SIRT2, AJUBA, 
PPP1R9B, SH3BP4, ID1, GDF11, IRF1, IGFBP3 
1.388867745 8.55E-04 8.55E-04 2.26E-04 
GO:0006357~regulation of transcription from 
RNA polymerase II promoter 
176 12.58041458 2.69E-07 
REST, RORA, MED20, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, SCRT1, SCRT2, PHOX2B, RREB1, TADA2B, HNRNPA2B1, SIX5, VAX1, GRHL1, RNF222, PROX1, 
BCL2L12, HOXD9, SPAG8, MED15, MTF1, ARRB1, VEGFA, SPDEF, PRDM1, ST18, ATXN1L, MAVS, FGFR2, FGFR1, ELL, CRTC1, TAF9B, ONECUT2, BMPR2, ELK1, MYT1, SRF, NR2C1, LIF, 
PLAGL1, VDR, AHRR, FOXQ1, CRB2, OVOL1, TEF, RNF168, TRAF6, PLAGL2, NKX2-3, IKZF4, TCF7, ESRRA, RFX5, KLF13, WDR5, ARID3A, SMAD4, SUV39H1, ESRRG, RYBP, KLF16, ARID3B, 
SMAD2, TET2, HDAC5, HOXB3, NOTCH2, CSRNP3, EBF4, ETS1, MLX, TRPS1, CSRNP1, IKBKG, TDG, SMURF1, ABL1, NCOR2, DNAJB5, BACH1, PPARA, CPEB3, FGF9, FOXK2, DICER1, 
RHOQ, RFXANK, ZBTB38, KCNIP3, FOXS1, TRIAP1, MAZ, HIF1AN, PCGF6, HOMEZ, TNIP2, PSMD9, ARHGEF2, BATF2, RAX, SLA2, SOX11, TP53, UBE2I, LPIN2, MBD1, JMY, SS18, SMO, 
BRWD1, BTG2, KPNA6, KCNH8, SEMA4D, LCOR, MEGF8, LCORL, USP2, ABLIM3, PPM1A, NEO1, REL, PPP2CA, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, FOXD2, YES1, ETV6, 
ZSCAN29, EPO, NFATC1, MAF, ZBTB7A, DGKQ, JARID2, TMBIM6, CEBPG, CREB1, RAF1, SIRT7, STAT3, SIRT2, TP73, AJUBA, ATXN1, MEF2D, SNAI3, BRMS1, RPS6KA1, ID2, SP1, ID1, 
TENM2, SP3, MAPK14, IRF1, TCEB2, SP7, IRF4, ID3, RBM14, BMPR1B, LRP4, NFIB 
1.448105577 0.002022179 0.001011601 5.34E-04 
GO:0009893~positive regulation of metabolic 
process 313 22.37312366 3.30E-07 
REST, SPRTN, RORA, ITSN2, BAK1, DIRAS1, BRPF1, MYD88, MAP3K9, CCBE1, IFNG, DHX33, RAPGEF5, LSM4, PELI2, MAP2K7, EIF2B5, ADAM9, NUDT16, PHOX2B, VANGL2, PIK3CD, 
TADA2B, RNF222, PROX1, BCL2L12, THY1, SPAG8, GRB10, CCR7, MTF1, ARFGEF3, CCR5, VEGFA, CCR2, ABAT, PRDM1, RALGPS2, ERBB4, ELL, ERBB3, ERBB2, CRTC1, PTH1R, AKAP13, 
MYT1, LIF, PLAGL1, AHRR, IQSEC3, RAP1GAP2, IQSEC2, NKX2-3, PLAGL2, DVL3, SASH1, IKZF4, ESRRA, LAMTOR3, ABR, ARHGEF39, TAOK1, KLF13, ACER2, EPM2A, IL1RN, SMAD4, 
ESRRG, SMAD2, UBE2L3, EPHA2, FAM131B, RABEP2, CSRNP3, EPHA8, MLYCD, ETS1, DCP1A, CSRNP1, TRPS1, RGS6, AGXT2, SMURF1, NCOR2, BACH1, PPARA, PDIA3, CPEB3, FGF9, 
UVRAG, PHF23, RFXANK, ZBTB38, BAG4, TRIAP1, NOD1, SERTAD3, NT5E, ARHGEF2, ARHGEF1, ARHGEF18, TP53, NFAM1, IL6R, JMY, SS18, KSR2, SLC26A9, SEMA4C, MAP3K10, 
SEMA4D, MAP3K13, EIF5A2, PLA2G5, MAP3K11, CLN6, SRGAP2, RIN3, FFAR4, ABHD6, GPR65, HK2, PSAPL1, EDEM1, SEC14L2, PLEKHG2, BCL2, PPP2CA, AGO2, PRKAA2, RASA3, 
ETV6, ACSL6, HAPLN1, JARID2, RBM20, ELAVL1, AMBRA1, ANKRD42, TP73, STAT3, MEF2D, BRMS1, RPS6KA1, MAPK14, IST1, TCEB2, PPP2R4, SVIP, PERP, RBM14, LRP4, TP53INP1, 
HMGCR, RBM4, RASGEF1A, GDNF, CBFB, NLRC5, CDKN2A, CSNK2A1, RBCK1, ATOH8, ASPH, PHYHIP, RET, MADD, SECISBP2, SIX5, SOCS4, GRHL1, HOXD9, SGSM2, RASGRF2, ARRB1, 
RASGRF1, SPDEF, AKAP6, OPHN1, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, MRAP, DRD4, PNPT1, ONECUT2, BMPR2, ELK1, ITGB3, MAPKAPK2, LIN28A, SRF, OAZ2, RASAL2, VDR, 
TRIM65, RASAL1, ECE1, GMIP, FGB, TEF, RNF168, SCARB1, TRAF6, RHEBL1, VAV3, TAF8, WDR5, ARID3A, MUL1, ARID3B, TET2, TRIM62, DOCK3, CORO1C, HDAC5, P2RX7, EBF4, 
BBC3, CXCL13, GPR39, IKBKG, CYFIP2, DNAJB2, ABL1, ABL2, PIP4K2B, E2F3, PTGES2, CDC14B, FOXK2, DICER1, RHOQ, RAB3IP, STXBP5L, ACVR1C, MAZ, LBH, TNIP2, APLN, PSMD9, 
DENND6A, PARM1, BRCC3, RAX, NOS1AP, SOX11, PADI2, ARHGAP27, CDK6, UBE2I, LPIN2, SMO, DGAT1, BTG2, CEMIP, KPNA6, WIZ, SNX18, CD244, CYTH1, ABLIM3, PPM1A, 
CALCOCO2, CYTH2, TRIB2, CALCA, TNFRSF1B, ERCC6, REL, MAP3K3, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, APC, NFATC1, EPO, MAF, RNF144A, COL4A3, RNF144B, 
TNFSF4, CREB1, CEBPG, RAF1, SIRT7, SIRT2, ATXN7L3, DIS3, ATXN1, AJUBA, SLC35C1, SH3BP4, ATXN3, SP1, ID2, ID1, SP3, GDF11, IRF1, SETD7, SP7, SNX33, IRF4, BMPR1B, IGFBP3, 
RNF40, NFIB 
1.28729215 0.002482023 8.28E-04 6.55E-04 
GO:0045595~regulation of cell differentiation 168 12.00857756 1.73E-06 
SHTN1, PLXNA1, SYT2, RBM4, ITPKB, ITSN2, RORA, REST, GDNF, NMRK2, PACSIN1, CDKN2A, CDKN2B, BHLHB9, IFNG, ATOH8, SCRT1, FNDC3B, SCRT2, PHOX2B, RBFOX2, RET, RREB1, 
VANGL2, LIG4, VAX1, PROX1, THY1, MARK2, NUMBL, RND2, MIB1, CCR5, MED15, VEGFA, SPDEF, AKAP6, NEU1, ADAMTS1, PRDM1, ASB4, FGFR2, FGFR1, ACHE, HMGB3, ENPP1, 
ERBB4, CRTC1, ERBB2, BMPR2, ITGB3, LIN28A, SRF, LIF, VDR, RASAL1, FBXW8, HIST1H4A, CRB2, GORASP1, UBASH3B, MBNL3, RAP1GAP2, TRAF6, B4GALT1, ESRRA, ST6GAL1, NTF4, 
NIN, KLF13, TAF8, SMAD4, MUL1, SMAD2, TRIM62, CORO1C, HDAC5, HOXB3, NOTCH2, SARM1, SRSF6, ETS1, TRPS1, RGS6, WDR1, SMURF1, ABL1, ABL2, NCOR2, SLC46A2, PPARA, 
LZTS1, NRG3, CPEB3, FGF9, DICER1, TTPA, MBP, CASP6, HIF1AN, GPC1, GPR173, ARHGEF2, LIMK1, FLOT2, SOX11, TP53, ZSWIM6, CDK6, NFAM1, MBD1, MMP11, FAM134C, 
ANKRD26, SS18, SMO, SEMA4F, SEMA4C, DIS3L2, SORT1, SEMA4B, RBM38, SEMA4D, SRGAP2, MEGF8, TRIOBP, CYTH2, TRIB2, CDH5, CALCA, FAT4, BCL2, PPP2CA, NFATC4, 
PAFAH1B1, EHD1, ACSL6, APC, EPO, NFATC1, MAF, ZBTB7A, RBM24, TNFSF4, CREB1, ELAVL1, RAF1, STAT3, SIRT2, TP73, RUFY3, ATXN1, YWHAG, ID2, ID1, MAPK14, IST1, IRF1, 
SETD6, GDF11, GAS2L1, SP7, POFUT2, ID3, BMPR1B, IGFBP3, LRP4, DUSP6 
1.419818015 0.012955972 0.00325485 0.003438958 
GO:0006366~transcription from RNA polymerase 
II promoter 
165 11.79413867 1.84E-06 
REST, RORA, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, SCRT1, SCRT2, PHOX2B, RREB1, HNRNPA2B1, SIX5, VAX1, GRHL1, RNF222, PROX1, BCL2L12, HOXD9, 
SPAG8, MTF1, ARRB1, VEGFA, SPDEF, PRDM1, ST18, ATXN1L, MAVS, FGFR2, FGFR1, ELL, CRTC1, TAF9B, ONECUT2, BMPR2, ELK1, MYT1, SRF, NR2C1, LIF, PLAGL1, VDR, AHRR, CRB2, 
OVOL1, TEF, RNF168, TRAF6, PLAGL2, NKX2-3, IKZF4, TCF7, ESRRA, RFX5, KLF13, WDR5, ARID3A, SMAD4, SUV39H1, ESRRG, RYBP, KLF16, ARID3B, SMAD2, TET2, HDAC5, HOXB3, 
NOTCH2, CSRNP3, EBF4, ETS1, MLX, TRPS1, CSRNP1, IKBKG, TDG, HIVEP2, SMURF1, ABL1, NCOR2, DNAJB5, BACH1, PPARA, CPEB3, FGF9, FOXK2, DICER1, RHOQ, RFXANK, ZBTB38, 
KCNIP3, TRIAP1, MAZ, HIF1AN, PCGF6, HOMEZ, TNIP2, PSMD9, ARHGEF2, RAX, SLA2, SOX11, TP53, UBE2I, LPIN2, MBD1, SMO, SS18, BTG2, KPNA6, SEMA4D, LCOR, MEGF8, LCORL, 
USP2, ABLIM3, PPM1A, NEO1, REL, MAP3K1, PPP2CA, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, EPO, NFATC1, MAF, ZBTB7A, JARID2, TMBIM6, CEBPG, CREB1, RAF1, 
SIRT7, STAT3, SIRT2, TP73, AJUBA, ATXN1, MEF2D, SNAI3, BRMS1, RPS6KA1, ID2, SP1, ID1, TENM2, SP3, MAPK14, IRF1, TCEB2, SP7, IRF4, ID3, RBM14, BMPR1B, LRP4, NFIB 
1.425601824 0.013770382 0.002769373 0.003656632 
GO:0023051~regulation of signaling 249 17.79842745 2.70E-06 
REST, RORA, ITSN2, ZNRF3, BAK1, DIRAS1, MYD88, MAP3K9, CCBE1, IFNG, PELI2, MAP2K7, ADAM9, BCL2L14, VANGL2, GRIN2A, UBR2, PTPRO, BCL2L12, BTBD9, THY1, SSTR5, 
PPP1CA, GRB10, CCR7, ARFGEF3, VEGFA, CCR2, ABAT, PRDM1, RALGPS2, ENPP1, ERBB4, ERBB3, CRTC1, ERBB2, AKAP13, ADRBK1, BCL2L2, PPT1, MYT1, LIF, UBASH3B, IQSEC3, 
RAP1GAP2, LFNG, IQSEC2, PLAGL2, DVL3, SASH1, LAMTOR3, NTF4, ABR, ARHGEF39, TAOK1, EPM2A, IL1RN, SMAD4, SMAD2, ACPP, EPHA2, SFRP5, NOTCH2, BFAR, EPHA8, TRPS1, 
RGS6, SMURF1, LZTS2, LZTS1, PDIA3, CPEB3, FGF9, LRRC15, LNPEP, BAG4, TRIAP1, NOD1, HIF1AN, SLC24A2, STRA6, TMEM101, ARHGEF2, ARHGEF1, FLOT2, ARHGEF18, TP53, 
NFAM1, IL6R, CACNG2, LRPAP1, ANKRD26, KSR2, SEMA4C, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FFAR4, ABHD6, NEO1, FEM1A, SEC14L1, HSH2D, PLEKHG2, BCL2, 
PPP2CA, PRKAA2, RASA3, SLC8A2, BAIAP2L1, STAT3, TP73, YWHAG, DUSP3, MAPK14, USP46, DUSP7, NCLN, LRP4, TP53INP1, DUSP6, SLC44A2, HMGCR, FGF14, RBM4, RASGEF1A, 
ITPKB, GDNF, NLRC5, CDKN2A, CSNK2A1, CDKN2B, RBCK1, LEPROT, ASPH, RET, STMN3, MADD, SOCS4, RASGRF2, ARRB1, RASGRF1, OPHN1, AKAP6, TNFAIP3, PTGDR2, MAVS, 
FGFR2, TNFAIP8L3, FGFR1, ACHE, SYVN1, SLC38A9, MCL1, PKHD1, DRD4, ONECUT2, BMPR2, ITGB3, SRF, NR2C1, RASAL2, RASAL1, ECE1, AKT1S1, AMER2, TRIM68, CRB2, FGB, 
TMEM198, HCN4, SH3TC2, TRAF6, BMF, RAB8B, VAV3, MUL1, FURIN, TRIM62, PPIF, P2RX4, P2RX7, BBC3, SLC7A1, GPR39, IKBKG, ULK3, ABL1, ABL2, CACNA1B, CD8A, TACR1, BCAN, 
ACVR1C, STXBP5L, RASL10B, KLHL24, CDK16, TNIP2, APLN, CASP2, GPC1, RS1, PSMD9, PPP2R1B, SLA2, SOX11, PADI2, UBE2I, NRXN1, SMO, RTN4RL1, CYTH1, BRSK2, PPM1A, CYTH2, 
TRIB2, CALCA, SHISA6, TNFRSF1B, ERCC6, REL, MAP3K3, MAP3K1, SYN2, SH2B3, PAFAH1B1, NFATC4, APC, EPO, TMBIM6, CREB1, KLK5, TSPAN14, RAF1, ASIC1, ATXN1, AJUBA, 
SH3BP4, PPP1R9B, SLC35C1, ID1, GDF11, IRF1, IRF4, BMPR1B, IGFBP3 
1.307706559 0.020144342 0.003385922 0.005366468 
GO:0048812~neuron projection morphogenesis 70 5.003573981 3.37E-06 ADCY1, PLXNA1, SHTN1, EFNA2, SYT2, DICER1, PIP5K1C, ITSN2, MBP, PACSIN1, BHLHB9, CNTNAP1, UNC5C, PHOX2B, RBFOX2, LIMK1, ZSWIM6, LIFR, VAX1, PTPRO, NUMBL, THY1, 1.776870358 0.025073844 0.003621078 0.006696448 
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RND2, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, SEMA4D, SLITRK6, SRGAP2, FGFR2, MEGF8, ACHE, ERBB3, ERBB2, BRSK2, BMPR2, SRF, RASAL1, FBXW8, GORASP1, BCL2, 
NFATC4, PAFAH1B1, FBXO45, DCLK1, LRFN2, APC, NTF4, B4GAT1, NIN, CREB1, SMAD4, MUL1, DPYSL4, CELSR2, RUFY3, EPHA8, ID1, IST1, TENM2, SMURF1, MAP6, BMPR1B, ABL1, 
ABL2, LRP4, NFIB 
GO:0000902~cell morphogenesis 129 9.220872051 3.48E-06 
RP1, ADCY1, SHTN1, PLXNA1, SYT2, EFNA2, ITSN2, VPS33A, GDNF, PACSIN1, BHLHB9, UNC5C, FNDC3B, PHOX2B, RBFOX2, RET, RREB1, VANGL2, LIFR, VAX1, PROX1, PTPRO, THY1, 
NUMBL, MARK2, RND2, CCR5, CGN, VEGFA, BIN3, SLITRK6, FGFR2, ACHE, ERBB3, PKHD1, ERBB2, PEAK1, ONECUT2, BMPR2, CDC42SE1, CEP164, ITGB3, SRF, LIF, VDR, RASAL1, 
FBXW8, CRB2, GORASP1, FBXO45, LRFN2, ST6GAL1, NTF4, RAB8B, NIN, B4GAT1, SMAD4, MUL1, CELSR2, SMAD2, PCDH15, TRIM62, EPHA2, CORO1C, P2RX7, SARM1, EPHA8, ITGA7, 
SMURF1, MAP6, ABL1, ABL2, KIF24, LZTS1, MYO7A, DICER1, RHOQ, PIP5K1C, RAB3IP, MBP, TMEM231, TTC30B, CNTNAP1, FMNL3, ARHGEF2, LIMK1, ARHGEF18, ERMN, ZSWIM6, 
SMO, SS18, BRWD1, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, SNAP29, MEGF8, TRIOBP, ABLIM3, BRSK2, BCL2, MAP3K1, PPP2CA, WIPF2, NFATC4, PAFAH1B1, UNK, EHD1, 
TBC1D1, NBEAL2, DCLK1, APC, NFATC1, LIPA, CREB1, DPYSL4, RUFY3, ID2, ID1, TENM2, MAPK14, IST1, ABCC4, POFUT2, BMPR1B, LRP4, NFIB 
1.490579728 0.025836181 0.003266628 0.006902726 
GO:0032989~cellular component morphogenesis 136 9.72122945 4.14E-06 
RP1, ADCY1, SHTN1, PLXNA1, SYT2, EFNA2, ITSN2, VPS33A, GDNF, PACSIN1, BHLHB9, UNC5C, FNDC3B, PHOX2B, RBFOX2, RET, RREB1, VANGL2, LIFR, VAX1, PROX1, PTPRO, THY1, 
MARK2, NUMBL, RND2, KRT19, CCR5, CGN, VEGFA, BIN3, SLITRK6, FGFR2, ACHE, ERBB3, PKHD1, ERBB2, PEAK1, PNPT1, ONECUT2, BMPR2, CDC42SE1, CEP164, ITGB3, SRF, LIF, 
VDR, RASAL1, FBXW8, CRB2, GORASP1, PVRL2, SEC23IP, FBXO45, LRFN2, ST6GAL1, NTF4, RAB8B, NIN, B4GAT1, SMAD4, MUL1, CELSR2, SMAD2, PCDH15, TRIM62, EPHA2, CORO1C, 
P2RX7, SARM1, EPHA8, ITGA7, MAP6, SMURF1, WDR1, ABL1, ABL2, KIF24, LZTS1, MYO7A, DICER1, RHOQ, PIP5K1C, RAB3IP, MBP, TMEM231, TTC30B, CNTNAP1, LMOD1, GPC1, 
FMNL3, ARHGEF2, LIMK1, ARHGEF18, ERMN, ZSWIM6, SMO, SS18, BRWD1, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, SNAP29, MEGF8, TRIOBP, ABLIM3, BRSK2, BCL2, 
MAP3K1, PPP2CA, WIPF2, NFATC4, PAFAH1B1, UNK, EHD1, TBC1D1, NBEAL2, DCLK1, APC, NFATC1, LIPA, CREB1, DPYSL4, RUFY3, ID2, ID1, TENM2, MAPK14, IST1, ABCC4, POFUT2, 
BMPR1B, LRP4, NFIB 
1.467252277 0.030701327 0.003458726 0.008222967 
GO:0048666~neuron development 113 8.077197999 4.27E-06 
RP1, ADCY1, PLXNA1, SHTN1, SYT2, EFNA2, ITSN2, MMP2, GDNF, PACSIN1, BHLHB9, UNC5C, RBFOX2, PHOX2B, RET, STMN3, VANGL2, SECISBP2, LIFR, LRTOMT, VAX1, PTPRO, 
NUMBL, MARK2, THY1, HOXD9, RND2, CCR5, RASGRF1, VEGFA, ADAMTS1, NEU1, PRDM1, SLITRK6, FGFR2, FGFR1, ACHE, ERBB3, ERBB2, CRTC1, ONECUT2, BMPR2, SRF, LIF, RASAL1, 
FBXW8, GORASP1, LHX6, RAP1GAP2, FBXO45, LRFN2, HCN1, NTF4, B4GAT1, NIN, WDR5, SMAD4, MUL1, CELSR2, PCDH15, SLC4A10, SARM1, EPHA8, SMURF1, MAP6, ABL1, ABL2, 
LZTS1, CPEB3, MYO7A, DICER1, PIP5K1C, MBP, CNTNAP1, CDK16, NOS1AP, LIMK1, ZSWIM6, CAMSAP3, FAM134C, SMO, BTG2, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, 
MEGF8, BRSK2, CYTH2, FAT4, BCL2, PAFAH1B1, NFATC4, UNK, EHD1, ACSL6, DCLK1, EPO, APC, CREB1, DPYSL4, TP73, RUFY3, MICALL1, PPP1R9B, ID2, ID1, TENM2, IST1, BMPR1B, 
LRP4, NFIB 
1.533425886 0.031595456 0.003205388 0.008466323 
GO:0008219~cell death 179 12.79485347 5.79E-06 
HMGCR, PPP2R5C, ITPKB, REST, GDNF, MMP2, BAK1, CDKN2A, CSNK2A1, BHLHB9, MAP3K9, IFNG, ROBO4, VPS4B, RBCK1, UNC5C, MAP2K7, SGPL1, RET, BCL2L14, MADD, LIFR, 
GRIN2A, LIG4, BCL2L13, BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FBXO10, FGFR2, FGFR1, ACHE, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, 
TAF9B, BMPR2, ELK1, PPT1, BCL2L2, ITGB3, DIDO1, VDR, ECE1, AKT1S1, FGB, TMEM123, TRAF6, BMF, TMEM79, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, 
IL1RN, SMAD4, MUL1, EPHA2, PPIF, NOTCH2, BFAR, P2RX4, P2RX7, SARM1, CSRNP3, BBC3, SRSF6, ETS1, CD59, TRPS1, IKBKG, CYFIP2, RHOT2, ABL1, ABL2, SLC46A2, CDK19, E2F2, 
PPARA, LZTS2, IER3IP1, PDIA3, HIP1R, DICER1, TTPA, KCNIP3, ACVR1C, TRIAP1, CASP6, DIP2A, NOD1, CASP7, AEN, FAM129B, TNIP2, ANO6, CASP2, PSMD9, PPP2R1B, PARM1, 
ARHGEF1, NOS1AP, SOX11, TP53, JMY, AMIGO2, SMO, BTG2, NAIF1, MAP3K10, SUSD6, THOC6, SORT1, KCNH8, TXNRD1, MAP3K11, SRGAP2, PRF1, FFAR4, CD248, BRSK2, HK2, 
MKNK2, NEO1, HSH2D, TNFRSF1B, ERCC6, MAP3K3, REL, BCL2, PPP2CA, ALDH1A3, MAP3K1, NFATC4, PRKAA2, ETV6, APC, EPO, COL4A3, PDK2, IL2RB, TMBIM6, CREB1, RAF1, 
DPYSL4, SIRT5, AMBRA1, STAT3, SIRT2, TP73, MEF2D, DRAM2, BRMS1, RPS6KA1, AREL1, ID1, MAPK14, IRF1, GDF11, PPP2R4, ID3, BMPR1B, PERP, IGFBP3, TP53INP1, DUSP6 
1.374813948 0.042646384 0.003954203 0.011492708 
GO:0016265~death 179 12.79485347 5.79E-06 
HMGCR, PPP2R5C, ITPKB, REST, GDNF, MMP2, BAK1, CDKN2A, CSNK2A1, BHLHB9, MAP3K9, IFNG, ROBO4, VPS4B, RBCK1, UNC5C, MAP2K7, SGPL1, RET, BCL2L14, MADD, LIFR, 
GRIN2A, LIG4, BCL2L13, BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FBXO10, FGFR2, FGFR1, ACHE, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, 
TAF9B, BMPR2, ELK1, PPT1, BCL2L2, ITGB3, DIDO1, VDR, ECE1, AKT1S1, FGB, TMEM123, TRAF6, BMF, TMEM79, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, 
IL1RN, SMAD4, MUL1, EPHA2, PPIF, NOTCH2, BFAR, P2RX4, P2RX7, SARM1, CSRNP3, BBC3, SRSF6, ETS1, CD59, TRPS1, IKBKG, CYFIP2, RHOT2, ABL1, ABL2, SLC46A2, CDK19, E2F2, 
PPARA, LZTS2, IER3IP1, PDIA3, HIP1R, DICER1, TTPA, KCNIP3, ACVR1C, TRIAP1, CASP6, DIP2A, NOD1, CASP7, AEN, FAM129B, TNIP2, ANO6, CASP2, PSMD9, PPP2R1B, PARM1, 
ARHGEF1, NOS1AP, SOX11, TP53, JMY, AMIGO2, SMO, BTG2, NAIF1, MAP3K10, SUSD6, THOC6, SORT1, KCNH8, TXNRD1, MAP3K11, SRGAP2, PRF1, FFAR4, CD248, BRSK2, HK2, 
MKNK2, NEO1, HSH2D, TNFRSF1B, ERCC6, MAP3K3, REL, BCL2, PPP2CA, ALDH1A3, MAP3K1, NFATC4, PRKAA2, ETV6, APC, EPO, COL4A3, PDK2, IL2RB, TMBIM6, CREB1, RAF1, 
DPYSL4, SIRT5, AMBRA1, STAT3, SIRT2, TP73, MEF2D, DRAM2, BRMS1, RPS6KA1, AREL1, ID1, MAPK14, IRF1, GDF11, PPP2R4, ID3, BMPR1B, PERP, IGFBP3, TP53INP1, DUSP6 
1.374813948 0.042646384 0.003954203 0.011492708 
GO:0048468~cell development 205 14.6533238 6.81E-06 
RP1, ADCY1, SYT2, EFNA2, REST, ITSN2, VPS33A, BAK1, MYD88, BHLHB9, IFNG, EIF2B5, PHOX2B, RREB1, VANGL2, LIFR, UBE2J1, LIG4, PROX1, PTPRO, MARK2, THY1, RND2, KRT19, 
CCR5, MED15, CGN, DLD, VEGFA, ADAMTS1, BIN3, PRDM1, ERBB4, ERBB3, CRTC1, ERBB2, PTH1R, LIF, GORASP1, PVRL2, LHX6, RAP1GAP2, SEC23IP, ST6GAL1, NTF4, SMAD4, CELSR2, 
SMAD2, PCDH15, SEPN1, EPHA2, EPHA8, TRPS1, RGS6, MAP6, SMURF1, LZTS1, CPEB3, MYO7A, LMOD1, ANGPT2, GPR173, ARHGEF2, ZSWIM6, TP53, MBD1, SS18, SLC26A6, 
SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, TRIOBP, MEGF8, GJC1, FAT4, SPEG, BCL2, PPP2CA, UNK, NBEAL2, ACSL6, ELAVL1, MXRA8, STAT3, TP73, MICALL1, YWHAG, IST1, 
TENM2, LRP4, IMPAD1, SHTN1, PLXNA1, MMP2, GDNF, CBFB, PACSIN1, CDKN2A, UNC5C, SCRT1, FNDC3B, SCRT2, RBFOX2, RET, STMN3, SECISBP2, LRTOMT, SIX5, VAX1, NUMBL, 
HOXD9, MIB1, RASGRF1, SPDEF, AKAP6, NEU1, SLITRK6, FGFR2, FGFR1, ACHE, ONECUT2, PEAK1, BMPR2, ITGB3, LIN28A, SRF, VDR, RASAL1, FBXW8, CRB2, SH3TC2, TRAF6, FBXO45, 
TMEM79, LRFN2, B4GALT1, HCN1, MUC2, B4GAT1, YIPF6, NIN, WDR5, PODXL, MUL1, TRIM62, CORO1C, HOXB3, HDAC5, SLC4A10, SARM1, WDR1, ABL1, ABL2, NRG3, DICER1, 
TTPA, PIP5K1C, MBP, CASP6, GOPC, CNTNAP1, CDK16, CASP2, PPP2R1B, NOS1AP, LIMK1, SOX11, CAMSAP3, CDK6, FAM134C, SMO, BTG2, DIS3L2, DMC1, BRSK2, CYTH2, CDH5, 
MAP3K1, POU2F2, KLHL40, PAFAH1B1, NFATC4, EHD1, DCLK1, EPO, NFATC1, APC, MAF, ALPK3, CREB1, RAF1, DPYSL4, RUFY3, SIRT2, ATXN1, PPP1R9B, ID2, ID1, SETD6, GDF11, 
POFUT2, BMPR1B, NFIB 
1.335858969 0.04994456 0.004260476 0.013510535 
GO:0007166~cell surface receptor signaling 
pathway 
199 14.22444603 6.86E-06 
EFNA2, ZNRF3, BAK1, MYD88, GAB2, IFNG, CCBE1, PELI2, GRID1, ADAM9, SGPL1, BCL2L14, PIK3CD, VANGL2, GRIN2A, LIFR, PTPRO, MARK2, THY1, PPP1CA, GRB10, CCR7, KRT19, 
CCR5, CCR2, VEGFA, ADAMTS1, PRDM1, ERBB4, ENPP1, ERBB3, ERBB2, PTH1R, CACNB3, BCL2L2, LIF, LFNG, SASH1, DVL3, TCF7, NTF4, IL1F10, IL1RN, SMAD4, CELSR2, SMAD2, 
PORCN, EPHA2, ACPP, SFRP5, NOTCH2, EPHA8, TRPS1, CSRNP1, CD59, SMURF1, FGF5, LZTS2, PDIA3, FGF9, LRRC15, LNPEP, HIF1AN, ANGPT2, ADAM11, TLE3, TP53, IL6R, NFAM1, 
CACNG2, ANKRD26, SS18, DOK1, SEMA4F, MAP3K10, SEMA4C, GRIP2, SORT1, SEMA4B, SEMA4D, MEGF8, MKNK2, NEO1, FAT4, BCL2, IL10RA, PRKAA2, PDK2, BAIAP2L1, STAT3, 
DUSP3, MAPK14, RBM14, PERP, LRP4, SHTN1, PLXNA1, FGF14, TSPAN8, ITPKB, GDNF, NLRC5, EIF4EBP1, CSNK2A1, KLHL6, CDKN2B, RBCK1, ATOH8, UNC5C, LEPROT, RET, CSNK1G1, 
MADD, SOCS4, NUMBL, MIB1, RASGRF2, RASGRF1, TNFAIP3, MAVS, FGFR2, FGFR1, IL22RA1, MCL1, ONECUT2, BMPR2, EPHA10, MAPKAPK2, ITGB3, TRIM71, AKT1S1, AMER2, FGB, 
CRB2, SCARB1, TRAF6, TMEM198, VAV3, ADGRG5, MUL1, FURIN, ITGA9, P2RX4, P2RX7, P2RX6, CXCL13, ULK3, ITGA7, ABL1, PDZD3, ABL2, SEL1L, CD8A, TACR1, DUOX1, RHOQ, 
ACVR1C, TSPAN12, JADE2, TMEM231, CSF2RB, KLHL24, TNIP2, ANO6, CASP2, GPC1, PPP2R1B, SOX11, PADI2, CDK6, NRXN1, PIGR, DDR1, SMO, HHAT, RTN4RL1, ADAMTS15, PPM1A, 
CDH5, TNFRSF1B, MAP3K1, PAFAH1B1, NFATC4, YES1, APC, COL4A3, IL2RB, CREB1, TSPAN14, RAF1, SIRT2, ATXN1, SLC35C1, ID1, IRF1, GDF11, BMPR1B, IGFBP3, THEMIS2 
1.344494179 0.050336334 0.003964995 0.013619291 
GO:0000904~cell morphogenesis involved in 
differentiation 88 6.290207291 7.47E-06 
ADCY1, LZTS1, SHTN1, PLXNA1, EFNA2, MYO7A, PIP5K1C, GDNF, VPS33A, MBP, BHLHB9, UNC5C, FNDC3B, PHOX2B, RBFOX2, RET, LIMK1, RREB1, VAX1, PROX1, PTPRO, THY1, 
MARK2, NUMBL, RND2, SMO, CCR5, SEMA4F, CGN, VEGFA, SEMA4C, SEMA4B, SEMA4D, SLITRK6, SRGAP2, FGFR2, MEGF8, TRIOBP, ACHE, ERBB3, ERBB2, PEAK1, BRSK2, BMPR2, 
ITGB3, SRF, LIF, FBXW8, CRB2, GORASP1, BCL2, MAP3K1, PPP2CA, NFATC4, PAFAH1B1, UNK, NBEAL2, FBXO45, DCLK1, LRFN2, APC, NFATC1, ST6GAL1, NIN, B4GAT1, CREB1, SMAD4, 
CELSR2, SMAD2, PCDH15, TRIM62, RUFY3, EPHA2, CORO1C, SARM1, ID2, ID1, EPHA8, IST1, TENM2, POFUT2, SMURF1, MAP6, ABL1, BMPR1B, ABL2, LRP4, NFIB 
1.619346853 0.054687164 0.00400904 0.014830093 
GO:0022008~neurogenesis 157 11.22230164 7.58E-06 
RP1, ADCY1, SHTN1, PLXNA1, SYT2, EFNA2, REST, HOXD1, RORA, ITSN2, MMP2, GDNF, IGHMBP2, PACSIN1, BHLHB9, IFNG, UNC5C, SCRT1, EIF2B5, SCRT2, PHOX2B, RBFOX2, RET, 
STMN3, VANGL2, HNRNPA2B1, SECISBP2, GRIN2A, LIFR, LRTOMT, LIG4, VAX1, PROX1, PTPRO, THY1, MARK2, TACC2, NUMBL, HOXD9, RND2, MIB1, CCR5, RASGRF1, VEGFA, NEU1, 
ADAMTS1, PRDM1, SLITRK6, FGFR2, FGFR1, ACHE, ERBB4, ERBB3, CRTC1, ERBB2, KCNA1, ONECUT2, BMPR2, LIN28A, SRF, LIF, RASAL1, DAGLA, FBXW8, GORASP1, LHX6, SH3TC2, 
RAP1GAP2, FBXO45, LRFN2, HCN1, NTF4, NIN, B4GAT1, WDR5, SMAD4, MUL1, CELSR2, PCDH15, EPHA2, HDAC5, HOXB3, SLC4A10, SARM1, BBC3, EPHA8, RGS6, MAP6, WDR1, 
SMURF1, ABL1, ABL2, IER2, FGF5, NRG3, LZTS1, CPEB3, MYO7A, DICER1, PIP5K1C, MBP, CNTNAP1, CDK16, GPC1, GPR173, ARHGEF2, NOS1AP, LIMK1, SOX11, TP53, ZSWIM6, 
CAMSAP3, CDK6, NRXN1, MBD1, FAM134C, SMO, BTG2, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, BRSK2, CYTH2, FAT4, BCL2, NFATC4, PAFAH1B1, UNK, ETV6, EHD1, 
ACSL6, DCLK1, APC, EPO, CREB1, DPYSL4, MXRA8, STAT3, SIRT2, TP73, RUFY3, MICALL1, ATXN1, PPP1R9B, YWHAG, ID2, ID1, TENM2, IST1, GDF11, ID3, BMPR1B, LRP4, NFIB 
1.40568495 0.055481016 0.003798069 0.015051615 
GO:0060284~regulation of cell development 105 7.505360972 7.81E-06 
PLXNA1, SHTN1, SYT2, REST, ITSN2, GDNF, PACSIN1, CDKN2A, BHLHB9, IFNG, SCRT1, SCRT2, PHOX2B, RET, RREB1, LIG4, VAX1, PROX1, NUMBL, MARK2, THY1, RND2, MIB1, CCR5, 
VEGFA, AKAP6, ADAMTS1, NEU1, FGFR1, ACHE, ERBB4, CRTC1, BMPR2, ITGB3, LIN28A, SRF, LIF, VDR, RASAL1, FBXW8, GORASP1, CRB2, RAP1GAP2, B4GALT1, ST6GAL1, NTF4, NIN, 
SMAD4, MUL1, SMAD2, TRIM62, CORO1C, HDAC5, HOXB3, SARM1, RGS6, SMURF1, WDR1, ABL1, ABL2, NRG3, LZTS1, CPEB3, DICER1, TTPA, MBP, CASP6, GPR173, ARHGEF2, LIMK1, 
1.541776742 0.057126033 0.003669666 0.015511244 
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SOX11, ZSWIM6, TP53, MBD1, FAM134C, SMO, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, TRIOBP, MEGF8, CYTH2, CDH5, BCL2, PPP2CA, PAFAH1B1, NFATC4, ACSL6, EPO, 
CREB1, ELAVL1, TP73, SIRT2, RUFY3, STAT3, ATXN1, YWHAG, ID2, ID1, IST1, GDF11, POFUT2, LRP4 
GO:0031325~positive regulation of cellular 
metabolic process 259 18.51322373 8.33E-06 
REST, SPRTN, RORA, BAK1, BRPF1, DIRAS1, MYD88, MAP3K9, CCBE1, IFNG, DHX33, LSM4, PELI2, MAP2K7, EIF2B5, ADAM9, NUDT16, PHOX2B, VANGL2, TADA2B, RNF222, PROX1, 
BCL2L12, THY1, SPAG8, GRB10, CCR7, MTF1, VEGFA, CCR2, ABAT, ERBB4, ERBB3, ELL, CRTC1, ERBB2, PTH1R, MYT1, LIF, PLAGL1, AHRR, NKX2-3, PLAGL2, DVL3, SASH1, IKZF4, ESRRA, 
LAMTOR3, KLF13, TAOK1, ACER2, EPM2A, IL1RN, SMAD4, ESRRG, SMAD2, UBE2L3, FAM131B, CSRNP3, EPHA8, MLYCD, ETS1, TRPS1, CSRNP1, AGXT2, SMURF1, NCOR2, BACH1, 
PPARA, PDIA3, CPEB3, FGF9, UVRAG, PHF23, RFXANK, ZBTB38, BAG4, TRIAP1, NOD1, SERTAD3, ARHGEF2, TP53, NFAM1, IL6R, JMY, SS18, KSR2, SEMA4C, MAP3K10, SEMA4D, 
MAP3K13, EIF5A2, PLA2G5, MAP3K11, CLN6, FFAR4, GPR65, HK2, BCL2, PPP2CA, AGO2, PRKAA2, ETV6, ACSL6, HAPLN1, JARID2, RBM20, ELAVL1, AMBRA1, ANKRD42, STAT3, TP73, 
MEF2D, BRMS1, RPS6KA1, IST1, MAPK14, TCEB2, PPP2R4, SVIP, RBM14, PERP, LRP4, TP53INP1, HMGCR, RBM4, GDNF, CBFB, NLRC5, CDKN2A, RBCK1, ATOH8, ASPH, PHYHIP, RET, 
MADD, SECISBP2, SIX5, SOCS4, GRHL1, HOXD9, ARRB1, SPDEF, AKAP6, TNFAIP3, MAVS, FGFR2, TNFAIP8L3, FGFR1, MRAP, DRD4, ONECUT2, PNPT1, BMPR2, ELK1, ITGB3, 
MAPKAPK2, LIN28A, SRF, VDR, TRIM65, ECE1, GMIP, FGB, TEF, RNF168, SCARB1, TRAF6, RHEBL1, VAV3, TAF8, WDR5, ARID3A, MUL1, ARID3B, TET2, TRIM62, HDAC5, P2RX7, EBF4, 
BBC3, IKBKG, CYFIP2, DNAJB2, ABL1, ABL2, PIP4K2B, E2F3, PTGES2, CDC14B, FOXK2, DICER1, RHOQ, ACVR1C, MAZ, LBH, TNIP2, APLN, PSMD9, PARM1, BRCC3, RAX, NOS1AP, SOX11, 
PADI2, UBE2I, LPIN2, SMO, DGAT1, BTG2, CEMIP, KPNA6, WIZ, CD244, ABLIM3, PPM1A, CALCOCO2, TRIB2, CALCA, TNFRSF1B, ERCC6, REL, MAP3K3, MAP3K1, POU2F2, HINFP, 
POU2F1, NFATC4, YES1, EPO, NFATC1, RNF144A, MAF, COL4A3, RNF144B, TNFSF4, CEBPG, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, SH3BP4, SLC35C1, SP1, ID2, SP3, 
GDF11, IRF1, SETD7, SP7, SNX33, IRF4, BMPR1B, IGFBP3, RNF40, NFIB 
1.279935473 0.060792339 0.003682536 0.016538519 
GO:0000122~negative regulation of transcription 
from RNA polymerase II promoter 
84 6.004288778 1.08E-05 
BACH1, PPARA, FGF9, CPEB3, DICER1, REST, CBX7, KCNIP3, IGHMBP2, HIF1AN, PCGF6, IFNG, HOMEZ, SCRT1, SCRT2, RREB1, SLA2, SOX11, HNRNPA2B1, TP53, UBE2I, VAX1, MBD1, 
PROX1, HOXD9, SMO, BTG2, VEGFA, SPDEF, PRDM1, ATXN1L, SEMA4D, ST18, LCOR, FGFR2, FGFR1, USP2, TAF9B, SRF, NR2C1, VDR, AHRR, REL, PPP2CA, OVOL1, HINFP, NFATC4, 
RNF168, ETV6, TRAF6, NFATC1, EPO, MAF, ZBTB7A, ESRRA, TCF7, RFX5, JARID2, TMBIM6, SUV39H1, KLF16, RYBP, SMAD4, SIRT7, TP73, SIRT2, AJUBA, HOXB3, ATXN1, HDAC5, 
NOTCH2, SNAI3, BRMS1, ID2, ID1, TENM2, MLX, SP3, TRPS1, TDG, ID3, NCOR2, NFIB, DNAJB5 
1.625116025 0.078346121 0.004522273 0.021513055 
GO:0006796~phosphate-containing compound 
metabolic process 
255 18.22730522 1.47E-05 
CDIPT, ADCY1, PPP2R5C, RORA, BAK1, DIRAS1, PGP, MYD88, PIP5KL1, MAP3K9, IFNG, PELI2, TLK2, MAP2K7, ADAM9, NUDT16, PPP1R37, VANGL2, PIK3CD, PTPRO, PROX1, LPCAT4, 
THY1, MARK2, PPP1CA, GRB10, CCR5, ARFGEF3, VEGFA, DLD, CCR2, PLA2G2D, ENPP1, ERBB4, ERBB3, ELL, ERBB2, PTH1R, AKAP13, ADRBK1, PPCDC, TK2, PPAT, SH3BP5L, LIF, THTPA, 
UBASH3B, MOCS1, DVL3, SASH1, LAMTOR3, PTPN18, TAOK1, EPM2A, IL1RN, SMAD4, SMAD2, ACACB, ACPP, EPHA2, SFRP5, CDC42BPG, CSRNP3, EPHA8, MLYCD, KCNH1, PPARA, 
BCKDK, COX11, FGF9, UVRAG, LRRC15, CDS2, BAG4, ADCK1, NOD1, NT5M, IP6K1, NT5E, ZFYVE1, PGAP3, ARHGEF2, PIK3C2B, TP53, IL6R, ANKRD26, KSR2, H6PD, RRM2, SEMA4C, 
MAP3K10, KCNH8, SEMA4D, MAP3K13, KCNH3, KCNH4, PLA2G5, MAP3K11, FFAR4, ABHD6, GPR65, MKNK2, HK2, ABHD3, PPP6R3, COX7A2L, FEM1A, PFAS, MTMR3, SPEG, BCL2, 
PPP2CA, FMO2, TSTA3, GK5, PRKAA2, MTMR6, ACSL6, PDK2, PLA2G16, DGKQ, PDK3, AMBRA1, STAT3, TP73, DUSP3, MAPK12, RPS6KA1, MAPK14, DPM2, PPP2R4, DUSP7, LRP4, 
DUSP6, IMPAD1, HMGCR, FGF14, RBM4, ITPKB, PI4K2B, NT5DC1, NLRC5, CDKN2A, CSNK2A1, CDKN2B, RBCK1, CTDSP2, DCTPP1, CEP85, RET, CSNK1G1, MADD, TAZ, SOCS4, ARRB1, 
AKAP6, MVK, TNFAIP3, MAVS, FGFR2, TNFAIP8L3, FGFR1, PPME1, PKHD1, MRAP, PEAK1, DRD4, PHKA1, BMPR2, KMO, EPHA10, ITGB3, MAPKAPK2, ECE1, AKT1S1, FGB, ENTPD3, 
SCARB1, ENTPD4, ENTPD1, TRAF6, VAV3, SMG5, MYO1D, MUL1, SMG1, HDDC3, CORO1C, GLYCTK, PPIF, P2RX7, PDE7A, IKBKG, ULK3, ABL1, ABL2, PDZD3, PIP4K2B, CDK19, CDC14B, 
DICER1, RHOQ, PIP5K1C, ACVR1C, PLCB3, MOB3A, CDK16, APLN, IPMK, PPP2R1B, LIMK1, CDK6, CAMSAP3, LPIN2, UBN1, PMM2, DDR1, CHRM5, PANK1, PPM1H, CEMIP, TXNRD1, 
CD244, RTN4RL1, BRSK2, PPM1A, ATP5G2, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, MAP3K1, UCK1, PIK3R5, PAFAH1B1, UCK2, YES1, DCLK1, APC, EPO, PTPRB, ALPK3, CREB1, 
RAF1, CDC25A, SIRT2, ATXN1, AJUBA, PPP1R9B, ID1, GDF11, IRF1, BMPR1B, IGFBP3 
1.273798699 0.10475982 0.005807452 0.029179355 
GO:0048699~generation of neurons 146 10.43602573 1.52E-05 
RP1, ADCY1, SHTN1, PLXNA1, SYT2, EFNA2, REST, HOXD1, RORA, ITSN2, MMP2, GDNF, IGHMBP2, PACSIN1, BHLHB9, IFNG, UNC5C, SCRT1, SCRT2, PHOX2B, RBFOX2, RET, STMN3, 
VANGL2, SECISBP2, LIFR, LRTOMT, LIG4, VAX1, PROX1, PTPRO, THY1, MARK2, NUMBL, HOXD9, RND2, MIB1, CCR5, RASGRF1, VEGFA, NEU1, ADAMTS1, PRDM1, SLITRK6, FGFR2, 
FGFR1, ACHE, ERBB4, ERBB3, CRTC1, ERBB2, KCNA1, ONECUT2, BMPR2, LIN28A, SRF, LIF, RASAL1, DAGLA, FBXW8, GORASP1, LHX6, RAP1GAP2, FBXO45, LRFN2, HCN1, NTF4, NIN, 
B4GAT1, WDR5, SMAD4, MUL1, CELSR2, PCDH15, EPHA2, HDAC5, HOXB3, SLC4A10, SARM1, EPHA8, RGS6, MAP6, SMURF1, WDR1, ABL1, ABL2, IER2, NRG3, LZTS1, CPEB3, MYO7A, 
DICER1, PIP5K1C, MBP, CNTNAP1, CDK16, GPR173, ARHGEF2, NOS1AP, LIMK1, SOX11, TP53, ZSWIM6, CAMSAP3, NRXN1, MBD1, FAM134C, SMO, BTG2, SEMA4F, SEMA4C, 
SEMA4B, SEMA4D, SRGAP2, MEGF8, BRSK2, CYTH2, FAT4, BCL2, NFATC4, PAFAH1B1, UNK, EHD1, ACSL6, DCLK1, APC, EPO, CREB1, DPYSL4, STAT3, SIRT2, TP73, RUFY3, MICALL1, 
ATXN1, PPP1R9B, YWHAG, ID2, ID1, TENM2, IST1, GDF11, ID3, BMPR1B, LRP4, NFIB 
1.408496465 0.108106655 0.005704106 0.030166804 
GO:0031175~neuron projection development 97 6.933523946 1.77E-05 
ADCY1, PLXNA1, SHTN1, EFNA2, SYT2, ITSN2, GDNF, MMP2, PACSIN1, BHLHB9, UNC5C, RBFOX2, PHOX2B, RET, STMN3, LIFR, VAX1, PTPRO, NUMBL, MARK2, THY1, RND2, CCR5, 
RASGRF1, VEGFA, ADAMTS1, NEU1, SLITRK6, FGFR2, FGFR1, ACHE, ERBB3, ERBB2, CRTC1, BMPR2, SRF, LIF, RASAL1, FBXW8, GORASP1, RAP1GAP2, FBXO45, LRFN2, NTF4, B4GAT1, 
NIN, WDR5, SMAD4, MUL1, CELSR2, SARM1, EPHA8, SMURF1, MAP6, ABL1, ABL2, LZTS1, CPEB3, DICER1, PIP5K1C, MBP, CNTNAP1, CDK16, NOS1AP, LIMK1, ZSWIM6, CAMSAP3, 
SMO, FAM134C, BTG2, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, BRSK2, CYTH2, BCL2, PAFAH1B1, NFATC4, EHD1, DCLK1, ACSL6, EPO, APC, CREB1, DPYSL4, RUFY3, 
MICALL1, PPP1R9B, ID1, IST1, TENM2, BMPR1B, LRP4, NFIB 
1.543000374 0.124593324 0.006316477 0.035085604 
GO:2000026~regulation of multicellular 
organismal development 169 12.08005718 2.20E-05 
SHTN1, PLXNA1, HMGCR, SYT2, ITPKB, REST, ITSN2, GDNF, ZNRF3, PACSIN1, CDKN2A, CDKN2B, BHLHB9, IFNG, CCBE1, ATOH8, SCRT1, SCRT2, PHOX2B, RBFOX2, RET, RREB1, 
VANGL2, LIG4, VAX1, PROX1, THY1, MARK2, NUMBL, RND2, MIB1, CBLN2, CCR5, VEGFA, CCR2, AKAP6, NEU1, ADAMTS1, PRDM1, ATXN1L, SLITRK6, TNFAIP3, ASB4, FGFR2, FGFR1, 
ACHE, HMGB3, ERBB4, ERBB3, CRTC1, ERBB2, BMPR2, ITGB3, LIN28A, SRF, LIF, VDR, RASAL1, FBXW8, HIST1H4A, AGGF1, CRB2, GORASP1, UBASH3B, RAP1GAP2, TRAF6, LFNG, 
TMEM79, B4GALT1, DVL3, SASH1, ESRRA, NTF4, NIN, KLF13, IL1RN, SMAD4, MUL1, SMAD2, ACACB, ANKH, TRIM62, EPHA2, HDAC5, SFRP5, HOXB3, NOTCH2, LAMA4, P2RX7, 
SARM1, SRSF6, ETS1, TRPS1, RGS6, WDR1, SMURF1, ABL1, ABL2, SLC46A2, LZTS1, NRG3, HTATIP2, CPEB3, FGF9, DICER1, MBP, ACVR1C, WARS, TSPAN12, CASP6, ANO6, ANGPT2, 
GPC1, GPR173, ARHGEF2, LIMK1, SOX11, TP53, ZSWIM6, CDK6, NFAM1, NRXN1, MBD1, FAM134C, AMIGO2, SMO, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, USP2, 
CYTH2, CDH5, STARD13, CALCA, FAT4, BCL2, PPP2CA, NFATC4, PAFAH1B1, ACSL6, APC, EPO, MAF, COL4A3, ZBTB7A, TNFSF4, CREB1, STAT3, SIRT2, TP73, RUFY3, ATXN1, YWHAG, 
ID2, ID1, MAPK14, IST1, IRF1, GDF11, SP6, GAS2L1, POFUT2, BMPR1B, LRP4, NFIB, DUSP6 
1.357737495 0.152514835 0.007493688 0.043630635 
GO:0022603~regulation of anatomical structure 
morphogenesis 
103 7.362401716 2.44E-05 
RP1, PLXNA1, SHTN1, SYT2, ITSN2, GDNF, ZNRF3, CDKN2A, BHLHB9, IFNG, CCBE1, ADAM9, RET, RREB1, VANGL2, PROX1, NUMBL, MARK2, THY1, RND2, CCR5, CCR2, VEGFA, 
TNFAIP3, ASB4, FGFR2, FGFR1, ACHE, BMPR2, CDC42SE1, ITGB3, SRF, LIF, VDR, RASAL1, FBXW8, AGGF1, GORASP1, CRB2, LFNG, B4GALT1, SASH1, DVL3, ST6GAL1, ABR, NIN, ZMYM3, 
IL1RN, SMAD4, MUL1, SMAD2, TRIM62, EPHA2, CORO1C, SFRP5, HDAC5, SARM1, ETS1, SRSF6, ITGA7, SMURF1, ABL1, ABL2, HTATIP2, LZTS1, DICER1, RHOQ, MBP, TSPAN12, CASP6, 
WARS, ANGPT2, FMNL3, LIMK1, ARHGEF18, ERMN, SMO, BRWD1, SEMA4F, SEMA4C, SEMA4B, SEMA4D, TRIOBP, MEGF8, STARD13, BCL2, PPP2CA, WIPF2, NFATC4, PAFAH1B1, 
EHD1, TBC1D1, APC, COL4A3, RUFY3, ID1, IST1, MAPK14, SP6, POFUT2, LRP4, DUSP6, NFIB 
1.507770273 0.167477629 0.007937685 0.048326103 
GO:0016477~cell migration 115 8.220157255 2.93E-05 
IL16, PLXNA1, SHTN1, RASGEF1A, ENPEP, MMP2, GDNF, MYD88, GAB2, IFNG, CCBE1, ROBO4, ATOH8, SCRT1, MTUS1, FNDC3B, ADAM9, SCRT2, PHOX2B, RBFOX2, SGPL1, RET, 
TMEM201, RREB1, PIK3CD, VANGL2, VAX1, PTPRO, PROX1, MARK2, THY1, CCR7, CCR5, CCR2, VEGFA, BIN3, BIN2, MYO18A, FGFR1, ERBB4, PEAK1, ONECUT2, BMPR2, ITGB3, SRF, 
CKLF, SCARB1, LHX6, GCNT1, FBXO45, NKX2-3, B4GALT1, SASH1, MUC2, VAV3, ABR, ARHGEF39, PODXL, IL1RN, CELSR2, MCAM, FURIN, EPHA2, CORO1C, HDAC5, ITGA9, CXCL13, 
ETS1, EPHA8, ITGA7, ABL2, NRG3, TACR1, MMP28, LRRC15, ACVR1C, BAG4, GPC6, FAM83H, ANGPT2, ANO6, GPR173, FMNL3, PIK3C2B, TP53, ZSWIM6, PADI2, SMO, DDR1, SEMA4F, 
CEMIP, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, FUT7, CD248, ABHD6, CBLL1, STARD13, CALCA, BCL2, PAFAH1B1, UNK, DCLK1, PSTPIP2, APC, RUFY3, STAT3, AJUBA, PPP1R9B, 
MAPK14, IGFBP3, TP53INP1 
1.462164571 0.198083024 0.009155753 0.058198309 
GO:0009887~organ morphogenesis 104 7.433881344 3.28E-05 
RP1, IMPAD1, PLXNA1, EFNA2, AQP6, MMP2, GDNF, ZNRF3, BAK1, CDKN2A, IFNG, SGPL1, BSG, VANGL2, PROX1, FOXN3, THY1, HOXD9, MIB1, VEGFA, ADAMTS1, PRDM1, TNFAIP3, 
SLITRK6, ADAMTS4, FRAS1, FGFR2, FGFR1, ERBB4, ERBB3, ERBB2, BMPR2, SRF, LIF, VDR, CRB2, MYO15A, TRAF6, GCNT1, NKX2-3, B4GALT1, HCN1, DVL3, TCF7, ABR, NTF4, SMAD4, 
SMAD2, PCDH15, TET2, EPHA2, SFRP5, HOXB3, NOTCH2, P2RX7, SLC4A10, SRSF6, CSRNP1, FREM1, TRPS1, ABL1, ABL2, NCOR2, PPARA, NRG3, FGF9, MYO7A, DICER1, TSPAN12, 
CASP6, STRA6, COL11A2, RS1, SOX11, TP53, SMO, DDR1, MEGF8, FAT4, BCL2, ALDH1A3, POU2F1, PAFAH1B1, SCN5A, NFATC1, APC, TBX4, STAT3, MEF2D, ID2, SP1, RPS6KA1, ID1, 
MAPK14, SP3, SP5, GDF11, SP6, ID3, PERP, BMPR1B, CHRNA10, LRP4, NFIB 
1.493396013 0.218769715 0.009826811 0.065086296 
GO:0007399~nervous system development 205 14.6533238 3.35E-05 
RP1, ADCY1, SYT2, EFNA2, LUZP1, REST, RORA, ITSN2, BAK1, ATP2B3, BHLHB9, IFNG, EIF2B5, PHOX2B, SCN2B, VANGL2, LIFR, GRIN2A, BSN, LIG4, PROX1, PTPRO, MARK2, THY1, 
RND2, SSTR3, CCR5, VEGFA, ABAT, ADAMTS1, PRDM1, ERBB4, ERBB3, CRTC1, ERBB2, PPT1, LIF, DAGLA, GORASP1, LHX6, RAP1GAP2, DVL3, TCF7, NTF4, ABR, MOBP, EPM2A, SMAD4, 
CELSR2, PCDH15, EPHA2, SFRP5, ETS1, EPHA8, RGS6, MAP6, SMURF1, NCOR2, FGF5, LZTS1, FGF9, CPEB3, MYO7A, NT5E, GPR173, ARHGEF2, ZSWIM6, TP53, MBD1, AMIGO2, 
SEMA4F, THOC6, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, GJC3, FAT4, BCL2, UNK, ETV6, ACSL6, HAPLN1, SLC8A2, AMBRA1, MXRA8, STAT3, TP73, MICALL1, MEF2D, YWHAG, 
IST1, TENM2, DRP2, LRP4, SHTN1, PLXNA1, CCDC85C, FGF14, HOXD1, MMP2, GDNF, IGHMBP2, PACSIN1, CDKN2A, UNC5C, SCRT1, SCRT2, RBFOX2, RET, STMN3, HNRNPA2B1, 
1.303233639 0.222814615 0.009648397 0.066454357 
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SECISBP2, LRTOMT, VAX1, NUMBL, TACC2, HOXD9, MIB1, CBLN2, RASGRF1, OPHN1, NEU1, SLITRK6, FGFR2, FGFR1, ACHE, ONECUT2, KCNA1, BMPR2, LIN28A, TRIM71, SRF, RASAL1, 
FBXW8, CRB2, SH3TC2, TRAF6, FBXO45, LRFN2, HCN1, B4GAT1, NIN, WDR5, MUL1, SLC6A17, HOXB3, HDAC5, SLC4A10, SARM1, BBC3, WDR1, ABL1, ABL2, IER2, NRG3, DICER1, 
PIP5K1C, BCAN, MBP, ACVR1C, CNTNAP1, CDK16, IPMK, CASP2, GPC1, RAX, NOS1AP, LIMK1, SOX11, PADI2, CAMSAP3, CDK6, NRXN1, FAM134C, SMO, BTG2, ARCN1, NCAN, BRSK2, 
CYTH2, ALDH1A3, PAFAH1B1, NFATC4, EHD1, SCN5A, BDH1, DCLK1, EPO, APC, SNX27, CREB1, DPYSL4, RUFY3, SIRT2, SLC17A7, ATXN1, PPP1R9B, ID2, ID1, GDF11, ID3, BMPR1B, 
NFIB 
GO:0048584~positive regulation of response to 
stimulus 
175 12.50893495 3.41E-05 
SLC44A2, MASP1, IL16, HMGCR, PGC, RASGEF1A, ITPKB, MMP2, NLRC5, BAK1, DIRAS1, MYD88, CDKN2A, KLHL6, CSNK2A1, GAB2, CDKN2B, MAP3K9, IFNG, CCBE1, RBCK1, LSM4, 
PELI2, MAP2K7, ADAM9, NUDT16, PHYHIP, RET, CRTAM, BCL2L14, MADD, RREB1, VANGL2, THY1, GRB10, CCR7, PPP1CA, CCR5, ARRB1, RASGRF1, CCR2, VEGFA, AKAP6, TNFAIP3, 
PTGDR2, MAVS, FGFR2, TNFAIP8L3, FGFR1, SLC38A9, MCL1, ERBB4, ERBB3, ERBB2, DRD4, BMPR2, CACNB3, MAPKAPK2, ITGB3, NR2C1, LIF, ECE1, GMIP, CRB2, CD69, FGB, PVRL2, 
RNF168, TMEM198, TRAF6, BMF, LFNG, PLAGL2, DVL3, SASH1, ESRRA, LAMTOR3, VAV3, TAOK1, EPM2A, IL1RN, SMAD4, MUL1, SMAD2, TRIL, FURIN, TRIM62, FAM131B, ACPP, 
PPIF, NOTCH2, P2RX4, P2RX7, EPHA8, CXCL13, BBC3, GPR39, CD59, TRPS1, ULK3, IKBKG, SMURF1, ABL1, ABL2, PIP4K2B, CDK19, PDIA3, CD8A, FGF9, BAG4, NOD1, TMEM101, 
STRA6, TNIP2, ANO6, CASP2, PPP2R1B, BRCC3, SLA2, FLOT2, SOX11, TP53, UBE2I, IL6R, NFAM1, SMO, KSR2, SEMA4C, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, MEGF8, 
FFAR4, HK2, PPM1A, CALCOCO2, NEO1, EDEM1, SEC14L1, HSH2D, TNFRSF1B, ERCC6, MAP3K3, REL, BCL2, MAP3K1, TAP2, SH2B3, NFATC4, PAFAH1B1, EPO, HAPLN1, TNFSF4, 
CEBPG, KLK5, TSPAN14, RAF1, AMBRA1, STAT3, ANKRD42, TP73, AJUBA, SLC35C1, ATXN3, DUSP3, IST1, IRF1, GDF11, IRF4, BMPR1B, IGFBP3, THEMIS2, TP53INP1 
1.339063178 0.22632422 0.009458774 0.067647137 
GO:0048639~positive regulation of 
developmental growth 
29 2.072909221 3.44E-05 FGFR2, MEGF8, FGFR1, SHTN1, ERBB4, FGF9, SYT2, BMPR2, ITSN2, SRF, FOXS1, RASAL1, BCL2, PAFAH1B1, LIMK1, CREB1, MUL1, ACACB, PROX1, RUFY3, RND2, SMO, DIO3, IST1, 
MAPK14, VEGFA, AKAP6, SEMA4D, SMURF1 
2.358968473 0.228133811 0.009205371 0.068264258 
GO:0048858~cell projection morphogenesis 87 6.218727663 3.83E-05 
RP1, ADCY1, KIF24, SHTN1, PLXNA1, EFNA2, SYT2, DICER1, PIP5K1C, ITSN2, RAB3IP, MBP, PACSIN1, TMEM231, BHLHB9, TTC30B, CNTNAP1, UNC5C, PHOX2B, RBFOX2, LIMK1, 
RREB1, VANGL2, LIFR, ZSWIM6, VAX1, PTPRO, THY1, NUMBL, RND2, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, SEMA4D, SLITRK6, SRGAP2, SNAP29, FGFR2, MEGF8, ACHE, 
ERBB3, PKHD1, ABLIM3, ERBB2, ONECUT2, BRSK2, BMPR2, CEP164, SRF, RASAL1, FBXW8, GORASP1, BCL2, NFATC4, PAFAH1B1, EHD1, FBXO45, DCLK1, LRFN2, APC, NTF4, RAB8B, 
NIN, B4GAT1, CREB1, SMAD4, MUL1, DPYSL4, CELSR2, PCDH15, RUFY3, CORO1C, EPHA8, ID1, IST1, TENM2, ABCC4, SMURF1, MAP6, ABL1, BMPR1B, ABL2, LRP4, NFIB 
1.554975473 0.250671095 0.009901593 0.076073351 
GO:0032990~cell part morphogenesis 89 6.361686919 3.86E-05 
RP1, ADCY1, KIF24, SHTN1, PLXNA1, EFNA2, SYT2, DICER1, PIP5K1C, ITSN2, RAB3IP, MBP, PACSIN1, TMEM231, BHLHB9, TTC30B, CNTNAP1, UNC5C, PHOX2B, RBFOX2, LIMK1, 
RREB1, VANGL2, LIFR, ZSWIM6, VAX1, PTPRO, THY1, NUMBL, RND2, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, SEMA4D, SLITRK6, SRGAP2, SNAP29, FGFR2, MEGF8, ACHE, 
ERBB3, PKHD1, ABLIM3, ERBB2, PNPT1, ONECUT2, BRSK2, BMPR2, CEP164, SRF, RASAL1, FBXW8, GORASP1, BCL2, PVRL2, NFATC4, PAFAH1B1, EHD1, FBXO45, DCLK1, LRFN2, APC, 
NTF4, RAB8B, NIN, B4GAT1, CREB1, SMAD4, MUL1, DPYSL4, CELSR2, PCDH15, RUFY3, CORO1C, ID1, EPHA8, IST1, TENM2, ABCC4, SMURF1, MAP6, ABL1, BMPR1B, ABL2, LRP4, NFIB 
1.546320813 0.252105386 0.009636376 0.076578227 
GO:0030182~neuron differentiation 132 9.435310936 3.87E-05 
RP1, ADCY1, SHTN1, PLXNA1, SYT2, EFNA2, REST, HOXD1, RORA, ITSN2, MMP2, GDNF, IGHMBP2, PACSIN1, BHLHB9, IFNG, UNC5C, PHOX2B, RBFOX2, RET, STMN3, VANGL2, 
SECISBP2, LIFR, LRTOMT, VAX1, PROX1, PTPRO, THY1, NUMBL, MARK2, HOXD9, RND2, MIB1, CCR5, RASGRF1, VEGFA, ADAMTS1, NEU1, PRDM1, SLITRK6, FGFR2, FGFR1, ACHE, 
ERBB4, ERBB3, ERBB2, CRTC1, ONECUT2, BMPR2, LIN28A, SRF, LIF, RASAL1, FBXW8, GORASP1, LHX6, RAP1GAP2, FBXO45, LRFN2, HCN1, NTF4, NIN, B4GAT1, WDR5, SMAD4, MUL1, 
CELSR2, PCDH15, EPHA2, HDAC5, SLC4A10, SARM1, EPHA8, RGS6, SMURF1, MAP6, ABL1, ABL2, IER2, LZTS1, CPEB3, MYO7A, DICER1, PIP5K1C, MBP, CNTNAP1, CDK16, NOS1AP, 
LIMK1, SOX11, ZSWIM6, CAMSAP3, NRXN1, MBD1, FAM134C, SMO, BTG2, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, BRSK2, CYTH2, FAT4, BCL2, NFATC4, PAFAH1B1, 
UNK, EHD1, ACSL6, DCLK1, APC, EPO, CREB1, DPYSL4, TP73, RUFY3, STAT3, MICALL1, PPP1R9B, ID2, ID1, TENM2, IST1, GDF11, ID3, BMPR1B, LRP4, NFIB 
1.411335159 0.25245021 0.009341717 0.07669975 
GO:1901361~organic cyclic compound catabolic 
process 46 3.288062902 3.88E-05 
PPARA, CYP24A1, ENPP1, CPEB3, DICER1, PNPT1, KMO, LIN28A, LIN28B, CDKN2A, RBM8A, NT5M, EDC3, LSM4, ALDH4A1, MAGOHB, AGO2, ENTPD3, SCARB1, PRKAA2, ENTPD4, 
ENTPD1, NT5E, ZC3H12D, DCTPP1, PAN2, NUDT16, GTPBP2, CYP1A1, SECISBP2, TP53, SMG1, LRTOMT, TET2, TAT, STAT3, DIS3, P2RX7, BTG2, MLYCD, DIO3, PDE7A, ARRB1, DCP1A, 
DIS3L2, IGFBP3 
1.903349487 0.253409254 0.009090867 0.077038032 
GO:0048667~cell morphogenesis involved in 
neuron differentiation 
62 4.431736955 4.40E-05 
ADCY1, PLXNA1, SHTN1, MYO7A, EFNA2, PIP5K1C, MBP, BHLHB9, UNC5C, RBFOX2, PHOX2B, LIMK1, VAX1, PTPRO, NUMBL, THY1, RND2, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, 
SEMA4B, SEMA4D, SLITRK6, FGFR2, MEGF8, ACHE, ERBB3, ERBB2, BRSK2, BMPR2, SRF, FBXW8, GORASP1, BCL2, PAFAH1B1, NFATC4, UNK, FBXO45, DCLK1, LRFN2, APC, B4GAT1, 
NIN, CREB1, SMAD4, CELSR2, PCDH15, RUFY3, ID2, EPHA8, ID1, IST1, TENM2, SMURF1, MAP6, BMPR1B, ABL1, ABL2, LRP4, NFIB 
1.706967107 0.281878219 0.009983651 0.087282342 
GO:0009966~regulation of signal transduction 212 15.1536812 4.65E-05 
RORA, ITSN2, ZNRF3, BAK1, DIRAS1, MYD88, MAP3K9, IFNG, CCBE1, PELI2, MAP2K7, ADAM9, BCL2L14, VANGL2, UBR2, PTPRO, BCL2L12, THY1, PPP1CA, GRB10, CCR7, ARFGEF3, 
CCR2, VEGFA, PRDM1, RALGPS2, ERBB4, ENPP1, ERBB3, ERBB2, AKAP13, ADRBK1, BCL2L2, LIF, UBASH3B, IQSEC3, RAP1GAP2, LFNG, PLAGL2, IQSEC2, DVL3, SASH1, LAMTOR3, ABR, 
ARHGEF39, TAOK1, EPM2A, IL1RN, SMAD4, SMAD2, EPHA2, ACPP, SFRP5, NOTCH2, BFAR, EPHA8, TRPS1, RGS6, SMURF1, LZTS2, PDIA3, FGF9, LRRC15, TRIAP1, BAG4, NOD1, 
HIF1AN, TMEM101, STRA6, ARHGEF2, ARHGEF1, FLOT2, ARHGEF18, TP53, IL6R, NFAM1, CACNG2, LRPAP1, ANKRD26, KSR2, MAP3K10, SEMA4C, SEMA4D, MAP3K13, PLA2G5, 
MAP3K11, FFAR4, ABHD6, NEO1, FEM1A, SEC14L1, HSH2D, PLEKHG2, BCL2, PPP2CA, PRKAA2, RASA3, BAIAP2L1, STAT3, TP73, DUSP3, MAPK14, LRP4, NCLN, DUSP7, TP53INP1, 
DUSP6, SLC44A2, HMGCR, RBM4, RASGEF1A, ITPKB, GDNF, NLRC5, CDKN2A, CSNK2A1, CDKN2B, RBCK1, ASPH, LEPROT, RET, STMN3, MADD, SOCS4, RASGRF2, RASGRF1, ARRB1, 
AKAP6, TNFAIP3, PTGDR2, MAVS, FGFR2, TNFAIP8L3, FGFR1, SYVN1, MCL1, SLC38A9, PKHD1, ONECUT2, DRD4, BMPR2, ITGB3, NR2C1, RASAL2, RASAL1, AKT1S1, AMER2, ECE1, 
TRIM68, CRB2, FGB, SH3TC2, TMEM198, TRAF6, BMF, VAV3, MUL1, FURIN, TRIM62, PPIF, P2RX4, P2RX7, BBC3, SLC7A1, ULK3, IKBKG, ABL1, ABL2, CD8A, KLHL24, TNIP2, CASP2, 
GPC1, RS1, PPP2R1B, SLA2, SOX11, PADI2, UBE2I, NRXN1, SMO, RTN4RL1, CYTH1, PPM1A, CYTH2, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, REL, MAP3K1, SH2B3, PAFAH1B1, 
NFATC4, APC, EPO, TMBIM6, KLK5, TSPAN14, RAF1, ATXN1, AJUBA, PPP1R9B, SH3BP4, SLC35C1, ID1, IRF1, GDF11, IRF4, BMPR1B, IGFBP3 
1.289884251 0.295457757 0.01024734 0.092312381 
GO:0023014~signal transduction by protein 
phosphorylation 79 5.646890636 4.86E-05 
KCNH1, FGF9, FGF14, HMGCR, RBM4, ITPKB, ACVR1C, DIRAS1, MYD88, NOD1, MAP3K9, PELI2, MAP2K7, ADAM9, RET, MADD, VANGL2, IL6R, ANKRD26, KSR2, CCR5, ARRB1, VEGFA, 
CCR2, SEMA4C, MAP3K10, KCNH8, KCNH3, MAP3K13, PLA2G5, KCNH4, MAP3K11, FGFR2, TNFAIP8L3, FGFR1, ERBB4, FFAR4, ERBB3, PKHD1, ERBB2, DRD4, BMPR2, MAPKAPK2, 
ITGB3, FEM1A, TRIB2, LIF, TNFRSF1B, ERCC6, ECE1, MAP3K3, FGB, MAP3K1, PAFAH1B1, TRAF6, APC, EPO, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, MUL1, RAF1, TP73, EPHA2, 
AJUBA, SFRP5, DUSP3, P2RX7, MAPK12, EPHA8, MAPK14, ABL1, BMPR1B, IGFBP3, ABL2, DUSP7, DUSP6 
1.584038329 0.306297494 0.010394516 0.096397455 
GO:0009057~macromolecule catabolic process 101 7.219442459 5.22E-05 
PGC, PPP2R5C, ZNRF3, CSNK2A1, CDKN2A, RBM8A, IFNG, VPS4B, LSM4, RBCK1, TLK2, ANKZF1, ADAM9, GTPBP2, PAN2, NUDT16, SECISBP2, GRIN2A, UBE2J1, LYPLA2, UBR2, SOCS4, 
RNF222, ARRB1, OPHN1, TNFAIP3, FBXO10, SYVN1, PNPT1, ANAPC15, PPT1, LIN28A, LIN28B, UBAC2, CHIT1, OAZ2, RNF168, FBXO45, FOXRED2, SMAD4, SMG1, UBE2L3, FURIN, 
PSMB8, PSMB9, BFAR, P2RX7, DCP1A, DNAJB2, SMURF1, SEL1L, CPEB3, UBE2G1, DICER1, MAN1B1, UVRAG, BAP1, LNPEP, TRIM9, EDC3, USP12, MAGOHB, YOD1, PSMD7, GPC1, 
HERC6, UBE2I, BTG2, CEMIP, DIS3L2, UBE2W, CLN6, USP8, USP2, BRSK2, EDEM1, TRIB2, UBE2R2, TNFRSF1B, MAP3K1, KLHL40, USP38, USP37, AGO2, RNF121, VPS36, ZC3H12D, 
APC, RNF144A, RNF144B, SIRT2, DIS3, ATXN3, PSMD13, AREL1, USP46, SVIP, SNX33, IGFBP3, RNF40, USP45 
1.486090781 0.324701429 0.010846315 0.103481225 
GO:0045596~negative regulation of cell 
differentiation 82 5.861329521 5.37E-05 
PPARA, NRG3, DICER1, TTPA, ITPKB, REST, RORA, NMRK2, MBP, CDKN2A, IFNG, FNDC3B, GPR173, PHOX2B, ARHGEF2, SOX11, VANGL2, TP53, CDK6, LIG4, VAX1, MBD1, PROX1, 
MMP11, THY1, SMO, SS18, MIB1, ANKRD26, MED15, CCR5, SEMA4F, VEGFA, SPDEF, DIS3L2, SEMA4C, SORT1, SEMA4B, SEMA4D, SRGAP2, FGFR1, HMGB3, ERBB4, ENPP1, ERBB2, 
CYTH2, ITGB3, LIN28A, TRIB2, CALCA, LIF, HIST1H4A, UBASH3B, GORASP1, BCL2, PPP2CA, NFATC4, PAFAH1B1, MBNL3, RAP1GAP2, APC, NFATC1, TNFSF4, KLF13, RAF1, TRIM62, 
TP73, RUFY3, SIRT2, STAT3, CORO1C, HDAC5, ID2, SRSF6, ID1, IRF1, SETD6, GDF11, GAS2L1, ID3, LRP4, NCOR2 
1.565270483 0.332315474 0.010857906 0.10646839 
GO:0065009~regulation of molecular function 226 16.154396 6.44E-05 
PPP2R5C, REST, ITSN2, BAK1, DIRAS1, MYD88, MAP3K9, IFNG, RAPGEF5, MAP2K7, EIF2B5, ADAM9, PPP1R37, SCN2B, VANGL2, PROX1, BCL2L12, THY1, SPAG8, ARFGEF3, VEGFA, 
ADD2, RALGPS2, ERBB4, ERBB3, ELL, CRTC1, ERBB2, CACNB1, CACNB2, AKAP13, CACNB3, PPT1, SH3BP5L, LIF, UBASH3B, IQSEC3, RAP1GAP2, LFNG, IQSEC2, DVL3, SASH1, LAMTOR3, 
ABR, ARHGEF39, TAOK1, ACER2, IL1RN, SMAD4, SMAD2, ACACB, UBE2L3, EPHA2, SFRP5, RABEP2, CSRNP3, EPHA8, DCP1A, RGS6, PPARA, COX11, UVRAG, LRRC15, FOXS1, TRIAP1, 
BAG4, NOD1, ZFYVE1, ARHGEF2, ARHGEF1, ARHGEF18, TP53, IL6R, NFAM1, CACNG2, JMY, LRPAP1, SERPINB8, MAP3K10, SORT1, SEMA4D, MAP3K13, PLA2G5, MAP3K11, SRGAP2, 
RIN3, GPR65, PSAPL1, PPP6R3, SEC14L2, FEM1A, PLEKHG2, BCL2, PPP2CA, RASA3, AMBRA1, TP73, ANKRD42, YWHAG, DUSP3, BRMS1, RPS6KA1, MAPK14, DPM2, PPP2R4, PERP, 
DUSP7, DUSP6, METTL21A, HMGCR, FGF14, RASGEF1A, GDNF, NLRC5, CDKN2A, CSNK2A1, CDKN2B, RBCK1, ASPH, CEP85, RET, STMN3, MADD, SOCS4, SGSM2, RASGRF2, ARRB1, 
RASGRF1, OPHN1, AKAP6, TNFAIP3, MAVS, FGFR2, TNFAIP8L3, FGFR1, PPME1, PKHD1, DRD4, ITGB3, SRF, RASAL2, OAZ2, VDR, RASAL1, AKT1S1, GMIP, CRB2, SCARB1, TRAF6, 
RHEBL1, HCN1, VAV3, MYO1D, MUL1, FURIN, TRIM62, DOCK3, PSMB8, PSMB9, CORO1C, HDAC5, PPIF, P2RX7, BBC3, CXCL13, IKBKG, TMLHE, CYFIP2, TDG, ABL1, PDZD3, ABL2, 
CDC14B, RAB3IP, ACVR1C, STXBP5L, GOPC, KLHL24, PPP2R1B, DENND6A, PARM1, BRCC3, NOS1AP, LIMK1, SOX11, ARHGAP27, CAMSAP3, UBE2I, NRXN1, UBN1, SMO, CEMIP, 
SNX18, RTN4RL1, CYTH1, PPP1R12B, CYTH2, TRIB2, CALCA, ERCC6, MAP3K3, MAP3K1, PIK3R5, PAFAH1B1, NFATC4, APC, EPO, COL4A3, TNFSF4, CEBPG, TMBIM6, RAF1, SIRT2, DIS3, 
AJUBA, PPP1R9B, SH3BP4, ID2, SYDE2, ID1, SETD6, SCN4B, IRF4, ID3, IGFBP3, NFIB 
1.270329258 0.384134669 0.01267496 0.127748349 
GO:0010769~regulation of cell morphogenesis 
involved in differentiation 
46 3.288062902 7.13E-05 
TRIOBP, MEGF8, ACHE, LZTS1, PLXNA1, SHTN1, BMPR2, ITGB3, GDNF, SRF, MBP, LIF, FBXW8, BHLHB9, CRB2, GORASP1, PPP2CA, NFATC4, PAFAH1B1, ST6GAL1, RET, NIN, RREB1, 
LIMK1, SMAD4, SMAD2, TRIM62, RUFY3, NUMBL, MARK2, THY1, CORO1C, RND2, SARM1, CCR5, SEMA4F, ID1, IST1, VEGFA, SEMA4C, SEMA4B, POFUT2, SMURF1, SEMA4D, ABL1, 
1.855095557 0.415284499 0.013665508 0.141417532 
 248 
LRP4 
GO:0006351~transcription, DNA-templated 233 16.6547534 7.21E-05 
ATP1B4, REST, RORA, MED20, BRPF1, MYD88, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, HES2, VEGFA, ST18, PRDM1, ATXN1L, 
ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, DIDO1, PLAGL1, LIF, AHRR, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, SMAD4, RYBP, ESRRG, KLF16, SMAD2, SFRP5, NOTCH2, 
CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, FGF9, CPEB3, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, SERTAD3, ARHGEF2, 
BATF2, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, NEO1, SEC14L2, PPP2CA, AGO2, 
PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, STAT3, TP73, ANKRD42, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, TCEB2, RBM14, LRP4, 
TP53INP1, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, FOXN3, 
HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, TRAF6, RHEBL1, RFX5, TAF8, WDR5, 
ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EBF4, IKBKG, TDG, HIVEP2, ABL1, DNAJB5, E2F2, E2F3, PTGES2, DICER1, FOXK2, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, 
HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, ABLIM3, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, 
NFATC4, YES1, VPS36, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, SETD7, 
SP7, IRF4, ID3, BMPR1B, NFIB 
1.262582933 0.419041988 0.013485169 0.143115266 
GO:0071108~protein K48-linked deubiquitination 9 0.643316655 7.26E-05 ATXN3, USP8, OTUB1, BAP1, USP37, YOD1, TNFAIP3, OTUB2, VCPIP1 5.856749311 0.420976348 0.013238708 0.143993537 
GO:0034655~nucleobase-containing compound 
catabolic process 37 2.644746247 7.33E-05 
PPARA, ENPP1, CPEB3, DICER1, PNPT1, LIN28A, LIN28B, CDKN2A, RBM8A, NT5M, EDC3, LSM4, MAGOHB, AGO2, ENTPD3, PRKAA2, ENTPD4, ENTPD1, NT5E, ZC3H12D, DCTPP1, 
PAN2, NUDT16, GTPBP2, SECISBP2, TP53, SMG1, STAT3, DIS3, P2RX7, BTG2, MLYCD, PDE7A, ARRB1, DCP1A, DIS3L2, IGFBP3 2.021795564 0.423900625 0.013044533 0.145326838 
GO:0010647~positive regulation of cell 
communication 
150 10.72194425 7.35E-05 
SLC44A2, HMGCR, RASGEF1A, ITPKB, NLRC5, BAK1, DIRAS1, MYD88, CSNK2A1, CDKN2A, CDKN2B, MAP3K9, IFNG, CCBE1, RBCK1, LSM4, PELI2, MAP2K7, ADAM9, PHYHIP, RET, 
BCL2L14, MADD, VANGL2, GRIN2A, GRB10, CCR7, PPP1CA, RASGRF2, ARRB1, RASGRF1, CCR2, VEGFA, ABAT, AKAP6, PTGDR2, FGFR2, MAVS, TNFAIP8L3, FGFR1, SLC38A9, ERBB4, 
MCL1, ERBB3, CRTC1, ERBB2, DRD4, BMPR2, ITGB3, NR2C1, LIF, ECE1, GMIP, CRB2, FGB, TMEM198, TRAF6, BMF, LFNG, PLAGL2, DVL3, SASH1, LAMTOR3, RAB8B, TAOK1, EPM2A, 
IL1RN, SMAD4, MUL1, SMAD2, FURIN, TRIM62, FAM131B, ACPP, PPIF, NOTCH2, P2RX4, P2RX7, BBC3, EPHA8, GPR39, TRPS1, ULK3, IKBKG, SMURF1, ABL1, ABL2, CACNA1B, PIP4K2B, 
PDIA3, CD8A, FGF9, TACR1, BAG4, NOD1, SLC24A2, RASL10B, TMEM101, STRA6, TNIP2, APLN, CASP2, PSMD9, PPP2R1B, SLA2, SOX11, TP53, UBE2I, IL6R, NFAM1, NRXN1, SMO, 
KSR2, SEMA4C, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FFAR4, HK2, PPM1A, CALCOCO2, NEO1, HSH2D, TNFRSF1B, ERCC6, MAP3K3, REL, MAP3K1, SH2B3, NFATC4, 
PAFAH1B1, EPO, HAPLN1, SLC8A2, CREB1, KLK5, TSPAN14, RAF1, AMBRA1, STAT3, TP73, AJUBA, SLC35C1, IST1, GDF11, BMPR1B, IGFBP3, TP53INP1 
1.35744295 0.424975744 0.012785999 0.145818728 
GO:0010604~positive regulation of 
macromolecule metabolic process 
242 17.29807005 8.20E-05 
REST, SPRTN, RORA, BAK1, BRPF1, DIRAS1, MYD88, MAP3K9, CCBE1, IFNG, DHX33, PELI2, MAP2K7, EIF2B5, ADAM9, NUDT16, PHOX2B, VANGL2, TADA2B, PIK3CD, RNF222, PROX1, 
BCL2L12, THY1, SPAG8, CCR7, CCR5, MTF1, CCR2, VEGFA, PRDM1, ERBB4, ERBB3, ELL, CRTC1, ERBB2, MYT1, LIF, PLAGL1, AHRR, NKX2-3, PLAGL2, DVL3, IKZF4, SASH1, ESRRA, 
LAMTOR3, KLF13, TAOK1, ACER2, IL1RN, SMAD4, ESRRG, SMAD2, UBE2L3, CSRNP3, EPHA8, ETS1, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, PDIA3, FGF9, CPEB3, PHF23, 
RFXANK, ZBTB38, BAG4, TRIAP1, NOD1, SERTAD3, ARHGEF2, TP53, NFAM1, IL6R, JMY, SS18, KSR2, SLC26A9, SEMA4C, MAP3K10, SEMA4D, MAP3K13, EIF5A2, PLA2G5, MAP3K11, 
CLN6, FFAR4, EDEM1, BCL2, PPP2CA, AGO2, ETV6, JARID2, RBM20, ELAVL1, ANKRD42, STAT3, TP73, MEF2D, BRMS1, RPS6KA1, IST1, MAPK14, TCEB2, PPP2R4, SVIP, RBM14, PERP, 
LRP4, TP53INP1, HMGCR, RBM4, GDNF, CBFB, NLRC5, CDKN2A, CSNK2A1, RBCK1, ATOH8, ASPH, RET, MADD, SECISBP2, SIX5, SOCS4, GRHL1, HOXD9, ARRB1, SPDEF, AKAP6, 
TNFAIP3, MAVS, FGFR2, TNFAIP8L3, FGFR1, DRD4, ONECUT2, PNPT1, BMPR2, ELK1, ITGB3, MAPKAPK2, LIN28A, SRF, OAZ2, VDR, ECE1, FGB, TEF, RNF168, TRAF6, RHEBL1, TAF8, 
WDR5, ARID3A, MUL1, ARID3B, TET2, TRIM62, HDAC5, P2RX7, EBF4, BBC3, IKBKG, CYFIP2, DNAJB2, ABL1, ABL2, E2F3, PTGES2, CDC14B, DICER1, FOXK2, RHOQ, ACVR1C, MAZ, LBH, 
TNIP2, PSMD9, PARM1, BRCC3, RAX, NOS1AP, SOX11, PADI2, UBE2I, CDK6, LPIN2, SMO, BTG2, CEMIP, KPNA6, WIZ, ABLIM3, PPM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, 
REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, APC, EPO, NFATC1, RNF144A, MAF, COL4A3, RNF144B, TNFSF4, CEBPG, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, 
ATXN3, SP1, ID2, ID1, SP3, GDF11, IRF1, SETD7, SP7, SNX33, IRF4, BMPR1B, IGFBP3, RNF40, NFIB 
1.253470547 0.460414113 0.01392382 0.162567873 
GO:0046578~regulation of Ras protein signal 
transduction 29 2.072909221 8.51E-05 
RALGPS2, CYTH1, ERBB2, RASGEF1A, AKAP13, CYTH2, ITPKB, ITSN2, RASAL2, RASAL1, PLEKHG2, RASA3, IQSEC3, EPO, IQSEC2, ARHGEF2, ABR, VAV3, ARHGEF1, STMN3, ARHGEF39, 
MADD, ARHGEF18, NOTCH2, RASGRF2, ARFGEF3, RASGRF1, ARRB1, ABL2 2.244207844 0.473118354 0.014138638 0.168840753 
GO:0050767~regulation of neurogenesis 84 6.004288778 9.22E-05 
NRG3, LZTS1, SHTN1, PLXNA1, CPEB3, SYT2, DICER1, REST, ITSN2, MBP, PACSIN1, BHLHB9, IFNG, SCRT1, GPR173, SCRT2, PHOX2B, ARHGEF2, RET, LIMK1, SOX11, TP53, ZSWIM6, 
LIG4, VAX1, MBD1, PROX1, THY1, MARK2, NUMBL, RND2, FAM134C, SMO, MIB1, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, NEU1, ADAMTS1, SEMA4D, SRGAP2, MEGF8, FGFR1, 
ACHE, ERBB4, CRTC1, BMPR2, CYTH2, LIN28A, SRF, LIF, RASAL1, FBXW8, GORASP1, BCL2, NFATC4, PAFAH1B1, RAP1GAP2, ACSL6, EPO, NTF4, NIN, CREB1, MUL1, TP73, RUFY3, 
SIRT2, STAT3, HOXB3, ATXN1, YWHAG, SARM1, ID2, ID1, IST1, RGS6, GDF11, SMURF1, WDR1, ABL1, ABL2, LRP4 
1.530007454 0.500340903 0.014970062 0.182806233 
GO:0019439~aromatic compound catabolic 
process 
42 3.002144389 9.57E-05 PPARA, ENPP1, CPEB3, DICER1, PNPT1, KMO, LIN28A, LIN28B, CDKN2A, RBM8A, NT5M, EDC3, LSM4, MAGOHB, AGO2, ENTPD3, PRKAA2, ENTPD4, ENTPD1, NT5E, ZC3H12D, 
DCTPP1, PAN2, NUDT16, GTPBP2, CYP1A1, SECISBP2, TP53, SMG1, LRTOMT, TAT, STAT3, DIS3, P2RX7, BTG2, MLYCD, DIO3, PDE7A, ARRB1, DCP1A, DIS3L2, IGFBP3 
1.896823121 0.513487674 0.015212738 0.189824795 
GO:0046700~heterocycle catabolic process 41 2.930664761 1.06E-04 PPARA, ENPP1, CPEB3, DICER1, PNPT1, KMO, LIN28A, LIN28B, CDKN2A, RBM8A, NT5M, EDC3, LSM4, ALDH4A1, MAGOHB, AGO2, ENTPD3, PRKAA2, ENTPD4, ENTPD1, NT5E, 
ZC3H12D, DCTPP1, PAN2, NUDT16, GTPBP2, CYP1A1, SECISBP2, TP53, SMG1, TET2, STAT3, DIS3, P2RX7, BTG2, MLYCD, PDE7A, ARRB1, DCP1A, DIS3L2, IGFBP3 
1.905767633 0.548603515 0.016434481 0.209541898 
GO:0007264~small GTPase mediated signal 
transduction 
57 4.074338813 1.11E-04 
SHTN1, RASGEF1A, RHOQ, ITPKB, ITSN2, RFXANK, DIRAS1, CDKN2A, MFHAS1, RASL10B, RAPGEF5, RAB6B, ARHGEF2, ARHGEF1, STMN3, RABL6, MADD, ARHGEF18, VANGL2, TP53, 
SRPRB, RND2, DOK1, ARFGEF3, RASGRF2, RASGRF1, ARRB1, NKIRAS2, RALGPS2, USP8, RAB3D, CYTH1, ERBB2, AKAP13, CYTH2, RASAL2, RASAL1, PLEKHG2, RAB43, RHOBTB2, RASA3, 
IQSEC3, IQSEC2, EPO, RHEBL1, VAV3, ABR, RAB8B, ARHGEF39, DOCK3, NOTCH2, RAB37, ARF3, RAB22A, RHOT2, RIT1, ABL2 
1.696549697 0.565741291 0.016878683 0.219727261 
GO:1903508~positive regulation of nucleic acid-
templated transcription 137 9.792709078 1.13E-04 
REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, DHX33, RBCK1, ATOH8, ASPH, PHOX2B, RET, SIX5, GRHL1, RNF222, PROX1, BCL2L12, HOXD9, SPAG8, MTF1, 
ARRB1, VEGFA, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, ELL, ERBB2, CRTC1, ONECUT2, BMPR2, ELK1, MYT1, SRF, PLAGL1, LIF, VDR, AHRR, TEF, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, 
IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, ESRRG, SMAD4, ARID3B, SMAD2, TET2, TRIM62, HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, PTGES2, 
DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, SERTAD3, TNIP2, PSMD9, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, 
KPNA6, MAP3K13, ABLIM3, PPM1A, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, NFATC1, EPO, MAF, CEBPG, CREB1, RAF1, SIRT7, STAT3, ATXN7L3, 
SIRT2, TP73, ANKRD42, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, BMPR1B, RBM14, NFIB, TP53INP1 
1.36870919 0.57153131 0.016807897 0.223259219 
GO:0045893~positive regulation of transcription, 
DNA-templated 
137 9.792709078 1.13E-04 
REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, DHX33, RBCK1, ATOH8, ASPH, PHOX2B, RET, SIX5, GRHL1, RNF222, PROX1, BCL2L12, HOXD9, SPAG8, MTF1, 
ARRB1, VEGFA, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, ELL, ERBB2, CRTC1, ONECUT2, BMPR2, ELK1, MYT1, SRF, PLAGL1, LIF, VDR, AHRR, TEF, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, 
IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, ESRRG, SMAD4, ARID3B, SMAD2, TET2, TRIM62, HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, PTGES2, 
DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, SERTAD3, TNIP2, PSMD9, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, 
KPNA6, MAP3K13, ABLIM3, PPM1A, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, NFATC1, EPO, MAF, CEBPG, CREB1, RAF1, SIRT7, STAT3, ATXN7L3, 
SIRT2, TP73, ANKRD42, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, BMPR1B, RBM14, NFIB, TP53INP1 
1.36870919 0.57153131 0.016807897 0.223259219 
GO:0051254~positive regulation of RNA 
metabolic process 
141 10.07862759 1.16E-04 
REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, DHX33, RBCK1, ATOH8, ASPH, PHOX2B, RET, SIX5, GRHL1, RNF222, PROX1, BCL2L12, HOXD9, SPAG8, MTF1, 
ARRB1, VEGFA, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, ELL, CRTC1, ERBB2, PNPT1, ONECUT2, BMPR2, ELK1, MYT1, SRF, PLAGL1, LIF, VDR, AHRR, TEF, TRAF6, RHEBL1, PLAGL2, NKX2-
3, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, ESRRG, SMAD4, ARID3B, SMAD2, TET2, TRIM62, HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, 
PTGES2, CPEB3, DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, SERTAD3, TNIP2, PSMD9, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, 
JMY, SMO, SS18, BTG2, KPNA6, MAP3K13, ABLIM3, PPM1A, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, EPO, NFATC1, MAF, CEBPG, CREB1, RBM20, 
RAF1, SIRT7, STAT3, ANKRD42, ATXN7L3, SIRT2, TP73, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, BMPR1B, RBM14, NFIB, TP53INP1 
1.360260285 0.581535263 0.016936557 0.229475406 
GO:0051049~regulation of transport 165 11.79413867 1.18E-04 
VTCN1, HMGCR, FGF14, FAM20B, RBM4, REST, GDNF, BAK1, PACSIN1, CDKN2A, GAB2, IFNG, VPS4B, RBCK1, LEPROT, ASPH, ADAM9, CRTAM, SCN2B, STC2, MADD, UBE2J1, GRIN2A, 
BTBD9, DCTN1, THY1, SSTR5, MIB1, CCR7, GRB10, RASGRF2, CCR5, ARRB1, RASGRF1, DTWD2, CCR2, VEGFA, OPHN1, UBL4B, AKAP6, ABAT, MYO18A, MAVS, FGFR1, PPME1, ENPP1, 
ERBB4, ERBB3, ERBB2, DRD4, KCNA1, CACNB1, CACNB2, CACNB3, PPT1, ADRBK1, ITGB3, MYT1, UBAC2, KCNA7, LIF, KCNS3, OAZ2, VDR, STX18, UBASH3B, FGB, SCARB1, SH3TC2, 
HCN4, ENTPD1, TRAF6, HCN3, PLAGL2, HCN1, B4GALT1, RAB8B, ABR, IL1RN, SMAD4, MUL1, UBE2L3, SFRP5, PPIF, P2RX4, P2RX7, KCNJ9, BBC3, GPR39, WDR1, ABL1, ABL2, CACNA1B, 
KCNH1, PPARA, LRRC8A, TACR1, UVRAG, RHOQ, VPS37B, BAP1, ANPEP, KCNJ12, KCNK10, KCNIP3, ACVR1C, KCNJ13, STXBP5L, BAG4, TRIAP1, TRIM9, RASL10B, KLHL24, YOD1, CDK16, 
ANO6, APLN, PSMD9, NOS1AP, SOX11, ZDHHC8, CACNG2, NRXN1, SMO, SLC26A6, HHAT, CEMIP, KCNH7, KCNH8, PROS1, KCNH3, KCNH4, CD244, FFAR4, RAB3D, ABLIM3, BRSK2, 
HK2, PPM1A, NEO1, CBLL1, EDEM1, CALCA, TMEM37, BCL2, PPP2CA, SYN2, EHD1, SCN5A, ACSL6, EPO, TNFSF4, TMBIM6, CREB1, LRRC46, ASIC1, APPL1, RPL28, RUFY3, MAPK14, 
1.321892682 0.590097316 0.017004447 0.234914499 
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SCN4B, POFUT2, SVIP, SNX33, SCN4A 
GO:1902531~regulation of intracellular signal 
transduction 139 9.935668335 1.24E-04 
SLC44A2, HMGCR, RASGEF1A, ITPKB, RORA, ITSN2, DIRAS1, MYD88, CDKN2A, MAP3K9, IFNG, RBCK1, PELI2, LEPROT, ASPH, MAP2K7, ADAM9, RET, STMN3, MADD, VANGL2, UBR2, 
SOCS4, BCL2L12, ARFGEF3, RASGRF2, ARRB1, RASGRF1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, RALGPS2, SYVN1, SLC38A9, MCL1, ERBB4, ERBB3, PKHD1, 
ERBB2, DRD4, AKAP13, BCL2L2, ITGB3, RASAL2, LIF, RASAL1, ECE1, AKT1S1, FGB, IQSEC3, RAP1GAP2, TRAF6, PLAGL2, IQSEC2, DVL3, SASH1, LAMTOR3, VAV3, ABR, ARHGEF39, 
TAOK1, EPM2A, IL1RN, MUL1, TRIM62, EPHA2, SFRP5, PPIF, NOTCH2, P2RX4, P2RX7, BBC3, EPHA8, SLC7A1, IKBKG, ABL1, ABL2, CD8A, FGF9, LRRC15, TRIAP1, BAG4, NOD1, 
TMEM101, STRA6, TNIP2, ARHGEF2, ARHGEF1, SLA2, SOX11, ARHGEF18, TP53, UBE2I, IL6R, ANKRD26, KSR2, SEMA4C, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, RTN4RL1, 
FFAR4, CYTH1, PPM1A, CYTH2, FEM1A, TRIB2, SEC14L1, TNFRSF1B, PLEKHG2, ERCC6, MAP3K3, REL, BCL2, MAP3K1, PAFAH1B1, PRKAA2, RASA3, APC, EPO, TMBIM6, RAF1, TP73, 
AJUBA, SH3BP4, DUSP3, ID1, IRF1, GDF11, IGFBP3, DUSP7, DUSP6 
1.360214126 0.606126533 0.017426106 0.245408864 
GO:1902680~positive regulation of RNA 
biosynthetic process 
137 9.792709078 1.26E-04 
REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, DHX33, RBCK1, ATOH8, ASPH, PHOX2B, RET, SIX5, GRHL1, RNF222, PROX1, BCL2L12, HOXD9, SPAG8, MTF1, 
ARRB1, VEGFA, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, ELL, ERBB2, CRTC1, ONECUT2, BMPR2, ELK1, MYT1, SRF, PLAGL1, LIF, VDR, AHRR, TEF, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, 
IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, ESRRG, SMAD4, ARID3B, SMAD2, TET2, TRIM62, HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, PTGES2, 
DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, SERTAD3, TNIP2, PSMD9, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, 
KPNA6, MAP3K13, ABLIM3, PPM1A, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, NFATC1, EPO, MAF, CEBPG, CREB1, RAF1, SIRT7, STAT3, ATXN7L3, 
SIRT2, TP73, ANKRD42, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, BMPR1B, RBM14, NFIB, TP53INP1 
1.36584977 0.612601484 0.017407838 0.249769333 
GO:0012501~programmed cell death 161 11.50822016 1.27E-04 
HMGCR, PPP2R5C, ITPKB, REST, MMP2, GDNF, BAK1, CDKN2A, CSNK2A1, BHLHB9, MAP3K9, IFNG, ROBO4, RBCK1, UNC5C, MAP2K7, SGPL1, RET, BCL2L14, MADD, GRIN2A, LIFR, 
LIG4, BCL2L13, BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FBXO10, FGFR2, FGFR1, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, TAF9B, BMPR2, 
PPT1, BCL2L2, DIDO1, VDR, ECE1, AKT1S1, FGB, TRAF6, BMF, TMEM79, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, IL1RN, MUL1, EPHA2, PPIF, NOTCH2, P2RX4, 
BFAR, P2RX7, SARM1, CSRNP3, BBC3, ETS1, CD59, TRPS1, IKBKG, CYFIP2, RHOT2, ABL1, ABL2, SLC46A2, CDK19, E2F2, IER3IP1, PDIA3, HIP1R, DICER1, KCNIP3, ACVR1C, TRIAP1, 
CASP6, DIP2A, NOD1, CASP7, AEN, FAM129B, TNIP2, ANO6, CASP2, PSMD9, PPP2R1B, PARM1, NOS1AP, TP53, JMY, AMIGO2, SMO, BTG2, NAIF1, THOC6, MAP3K10, SORT1, KCNH8, 
MAP3K11, PRF1, FFAR4, CD248, BRSK2, HK2, MKNK2, HSH2D, TNFRSF1B, ERCC6, MAP3K3, BCL2, PPP2CA, ALDH1A3, MAP3K1, NFATC4, PRKAA2, ETV6, APC, EPO, COL4A3, PDK2, 
IL2RB, TMBIM6, CREB1, RAF1, SIRT5, AMBRA1, STAT3, SIRT2, TP73, MEF2D, DRAM2, BRMS1, RPS6KA1, AREL1, ID1, MAPK14, IRF1, GDF11, PPP2R4, ID3, BMPR1B, PERP, IGFBP3, 
TP53INP1, DUSP6 
1.32544924 0.615824988 0.017243367 0.251967336 
GO:0022610~biological adhesion 122 8.720514653 1.28E-04 
VTCN1, ITPKB, RORA, MMP2, CDKN2A, IFNG, FNDC3B, ADAM9, RET, CRTAM, RREB1, LIG4, THY1, CCR7, CCR5, CCR2, VEGFA, ABAT, LAMC2, PLA2G2D, ACHE, ERBB3, ERBB2, PEAK1, 
ONECUT2, ITGB3, SRF, AZI2, MYL9, AGGF1, FGB, UBASH3B, PVRL2, SCARB1, SCARB2, TRAF6, LFNG, GCNT1, NKX2-3, B4GALT1, ST6GAL1, TCF7, VAV3, FIBP, LPP, ACER2, PODXL, 
IL1RN, CELSR2, PCDH15, MCAM, EPHA2, EMILIN1, CORO1C, ITGA9, P2RX7, LAMA4, TMEM8B, CXCL13, EPHA8, FREM1, ST8SIA4, CD59, ITGA7, CYFIP2, TREML2, ABL1, ABL2, SLC46A2, 
PPARA, CD8A, PIP5K1C, BCAN, LRRC15, BAG4, CGREF1, CNTNAP1, NT5E, ANGPT2, PARVG, DENND6A, SIT1, SLA2, FLOT2, TP53, CAMSAP3, CDK6, NRXN1, AMIGO2, DDR1, SEMA4D, 
NCAN, SRGAP2, TRIOBP, CD244, FUT7, NEO1, CBLL1, PCDHB10, CDH5, SCARF2, HSH2D, CALCA, IGSF11, FAT4, BCL2, LMLN, ZC3H12D, APC, EPO, HAPLN1, TNFSF4, CDH12, AJUBA, 
DUSP3, ATXN3, ID1, TENM2, SP3, IRF1, IRF4, PERP 
1.395058143 0.61758514 0.017018683 0.253175303 
GO:0040011~locomotion 140 10.00714796 1.29E-04 
SHTN1, PLXNA1, IL16, EFNA2, RASGEF1A, ENPEP, MMP2, GDNF, MYD88, GAB2, IFNG, CCBE1, ROBO4, ATOH8, UNC5C, SCRT1, MTUS1, FNDC3B, ADAM9, SCRT2, PHOX2B, SGPL1, 
RBFOX2, RET, TMEM201, RREB1, VANGL2, PIK3CD, GRIN2A, VAX1, PROX1, PTPRO, THY1, MARK2, CCR7, CCR5, CCR2, VEGFA, BIN3, MYO18A, BIN2, PTGDR2, FGFR1, ERBB4, ERBB2, 
PEAK1, ONECUT2, BMPR2, ADRBK1, ITGB3, SRF, CKLF, PVRL2, LHX6, SCARB1, GCNT1, FBXO45, NKX2-3, B4GALT1, MUC2, SASH1, ST6GAL1, VAV3, ABR, B4GAT1, ARHGEF39, PODXL, 
IL1RN, SMAD4, CELSR2, MCAM, FURIN, TRIM62, EPHA2, CORO1C, HDAC5, ITGA9, LAMA4, ETS1, CXCL13, EPHA8, ITGA7, ABL2, IER2, NRG3, TACR1, UVRAG, PIP5K1C, MMP28, 
LRRC15, ACVR1C, BAG4, GPC6, FAM83H, ANGPT2, ANO6, GPR173, FMNL3, PIK3C2B, TP53, ZSWIM6, PADI2, JMY, DDR1, SMO, SEMA4F, SEMA4C, CEMIP, SEMA4B, SEMA4D, SRGAP2, 
CLN6, MEGF8, SORD, FUT7, ABHD6, CD248, CBLL1, STARD13, CALCA, BCL2, MAP3K1, PAFAH1B1, UNK, DCLK1, APC, PSTPIP2, CREB1, DPYSL4, STAT3, RUFY3, AJUBA, PPP1R9B, ID2, 
TENM2, MAPK14, BMPR1B, IGFBP3, NFIB, TP53INP1 
1.357933445 0.621116097 0.016882626 0.25561536 
GO:0010941~regulation of cell death 147 10.50750536 1.36E-04 
HMGCR, ITPKB, REST, MMP2, GDNF, BAK1, CSNK2A1, CDKN2A, BHLHB9, MAP3K9, IFNG, ROBO4, VPS4B, RBCK1, UNC5C, MAP2K7, RET, BCL2L14, MADD, GRIN2A, LIFR, LIG4, 
BCL2L13, BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FBXO10, FGFR2, FGFR1, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, TAF9B, ELK1, PPT1, 
BCL2L2, ITGB3, VDR, AKT1S1, FGB, TRAF6, BMF, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, IL1RN, SMAD4, MUL1, PPIF, NOTCH2, BFAR, P2RX7, SARM1, 
CSRNP3, SRSF6, ETS1, BBC3, CD59, TRPS1, IKBKG, ABL1, ABL2, SLC46A2, CDK19, PPARA, LZTS2, IER3IP1, PDIA3, DICER1, TTPA, ACVR1C, KCNIP3, TRIAP1, CASP6, DIP2A, NOD1, 
FAM129B, TNIP2, CASP2, ANO6, PPP2R1B, ARHGEF1, NOS1AP, SOX11, TP53, JMY, AMIGO2, SMO, BTG2, THOC6, MAP3K10, SORT1, TXNRD1, KCNH8, MAP3K11, SRGAP2, FFAR4, 
CD248, NEO1, HSH2D, TNFRSF1B, MAP3K3, REL, BCL2, ALDH1A3, MAP3K1, PPP2CA, NFATC4, PRKAA2, APC, EPO, COL4A3, IL2RB, TMBIM6, CREB1, RAF1, SIRT5, AMBRA1, STAT3, 
SIRT2, TP73, BRMS1, RPS6KA1, AREL1, ID1, IRF1, GDF11, PPP2R4, ID3, BMPR1B, IGFBP3, DUSP6, TP53INP1 
1.34474457 0.641422441 0.017527511 0.270103906 
GO:0051128~regulation of cellular component 
organization 
208 14.86776269 1.39E-04 
RP1, SYT2, FAM20B, ITSN2, BAK1, BHLHB9, IFNG, VPS4B, LSM4, TLK2, MAP2K7, ADAM9, PAN2, RREB1, TADA2B, VANGL2, LIG4, PROX1, BTBD9, MARK2, THY1, RND2, CCR5, VEGFA, 
UBL4B, ADAMTS1, BIN3, ADD2, ENPP1, CRTC1, ERBB2, TAF9B, PPT1, LIF, STX18, GORASP1, RAP1GAP2, PLAGL2, ST6GAL1, ABR, TAOK1, SMAD4, SMAD2, UBE2L3, FAM131B, EPHA2, 
ETS1, TRPS1, SMURF1, LIMA1, LZTS1, CPEB3, PHF23, VPS37B, LRRC15, TRIAP1, BAG4, CGREF1, SERTAD3, LMOD1, FMNL3, ARHGEF2, ARHGEF18, ZDHHC8, TP53, JMY, AMIGO2, 
BRWD1, SEMA4F, NAIF1, SEMA4C, SEMA4B, SEMA4D, EIF5A2, MEGF8, TRIOBP, GPR65, HK2, CBLL1, MTMR3, BCL2, PPP2CA, WIPF2, TBC1D1, ACSL6, HAPLN1, JARID2, BAIAP2L1, 
LRRC46, AMBRA1, APPL1, RPL28, IST1, TENM2, MAPK14, GAS2L1, SVIP, RBM14, NCLN, LRP4, SHTN1, PLXNA1, GDNF, EIF4EBP1, PACSIN1, CDKN2A, CSNK2A1, ASPH, LEPROT, PHYHIP, 
CEP85, RET, STMN3, NUMBL, MIB1, CBLN2, DTWD2, ARRB1, OPHN1, AKAP6, NEU1, CLIP2, SLITRK6, MAVS, FGFR2, FGFR1, ACHE, PKHD1, ANAPC15, BMPR2, CDC42SE1, ITGB3, SRF, 
RASAL1, FBXW8, GMIP, CRB2, SCARB1, BMF, DNAJA4, RAB8B, NIN, ZMYM3, SMG5, PODXL, MUL1, TRIM62, CORO1C, HDAC5, PPIF, P2RX7, ST7L, SARM1, BBC3, OTUB1, CXCL13, 
ITGA7, DNAJB2, WDR1, ABL1, ABL2, PIP4K2B, TACR1, RHOQ, BAP1, MBP, TRIM9, ANO6, LIMK1, ERMN, PADI2, CAMSAP3, NRXN1, FAM134C, DDR1, HHAT, CEMIP, NCAN, PROS1, 
ABLIM3, PPM1A, CALCOCO2, CYTH2, MAP3K1, PAFAH1B1, NFATC4, EHD1, ZC3H12D, APC, SYNPO, EPO, CREB1, RAF1, FRMPD4, TMED9, RUFY3, SIRT2, AJUBA, PPP1R9B, SH3BP4, 
SLC35C1, ID1, KDM4B, SETD7, POFUT2, SNX33, IGFBP3, RNF40 
1.269864243 0.649638764 0.017619048 0.2762002 
GO:0007155~cell adhesion 121 8.649035025 1.41E-04 
VTCN1, ITPKB, RORA, MMP2, CDKN2A, IFNG, FNDC3B, ADAM9, RET, CRTAM, RREB1, LIG4, THY1, CCR7, CCR5, CCR2, VEGFA, ABAT, LAMC2, PLA2G2D, ACHE, ERBB3, ERBB2, PEAK1, 
ONECUT2, ITGB3, SRF, AZI2, MYL9, AGGF1, FGB, UBASH3B, PVRL2, SCARB1, SCARB2, TRAF6, LFNG, GCNT1, NKX2-3, B4GALT1, ST6GAL1, TCF7, VAV3, FIBP, LPP, ACER2, PODXL, 
IL1RN, CELSR2, PCDH15, MCAM, EPHA2, EMILIN1, CORO1C, ITGA9, P2RX7, LAMA4, TMEM8B, CXCL13, EPHA8, FREM1, ST8SIA4, CD59, ITGA7, CYFIP2, TREML2, ABL1, ABL2, SLC46A2, 
PPARA, CD8A, PIP5K1C, BCAN, BAG4, CGREF1, CNTNAP1, NT5E, ANGPT2, PARVG, DENND6A, SIT1, SLA2, FLOT2, TP53, CAMSAP3, CDK6, NRXN1, AMIGO2, DDR1, SEMA4D, NCAN, 
SRGAP2, TRIOBP, CD244, FUT7, NEO1, CBLL1, PCDHB10, CDH5, SCARF2, HSH2D, CALCA, IGSF11, FAT4, BCL2, LMLN, ZC3H12D, APC, EPO, HAPLN1, TNFSF4, CDH12, AJUBA, DUSP3, 
ATXN3, ID1, TENM2, SP3, IRF1, IRF4, PERP 
1.394763524 0.654173687 0.017541305 0.279626354 
GO:0051960~regulation of nervous system 
development 
91 6.504646176 1.53E-04 
NRG3, LZTS1, SHTN1, PLXNA1, CPEB3, SYT2, DICER1, REST, ITSN2, MBP, PACSIN1, BHLHB9, IFNG, SCRT1, GPR173, SCRT2, PHOX2B, RET, ARHGEF2, LIMK1, SOX11, VANGL2, TP53, 
ZSWIM6, LIG4, VAX1, NRXN1, MBD1, PROX1, THY1, MARK2, NUMBL, RND2, FAM134C, SMO, AMIGO2, MIB1, CBLN2, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, NEU1, ADAMTS1, 
SEMA4D, SLITRK6, SRGAP2, MEGF8, FGFR1, ACHE, ERBB4, CRTC1, BMPR2, CYTH2, LIN28A, SRF, LIF, RASAL1, FBXW8, GORASP1, BCL2, NFATC4, PAFAH1B1, RAP1GAP2, ACSL6, EPO, 
DVL3, NTF4, NIN, CREB1, MUL1, TP73, STAT3, RUFY3, SIRT2, HOXB3, ATXN1, SFRP5, YWHAG, SARM1, ID2, ID1, IST1, RGS6, GDF11, SMURF1, WDR1, ABL1, ABL2, LRP4 
1.478775649 0.682903212 0.018652508 0.302431734 
GO:0060541~respiratory system development 37 2.644746247 1.57E-04 
FGFR2, FGFR1, FGF9, DICER1, BMPR2, MYT1, SRF, LIF, EIF4EBP1, SPEG, ALDH1A3, CCBE1, POU2F1, STRA6, FNDC3B, PHOX2B, LIPA, TMBIM6, CREB1, SOX11, TBX4, VANGL2, 
HNRNPA2B1, SMAD2, SEPN1, PROX1, ATXN1, PPP1CA, SP1, SRSF6, ID1, SP3, VEGFA, SPDEF, ATXN1L, NCOR2, NFIB 1.947464845 0.693765976 0.018906182 0.311595964 
GO:0023056~positive regulation of signaling 137 9.792709078 1.67E-04 
SLC44A2, HMGCR, RASGEF1A, ITPKB, NLRC5, BAK1, DIRAS1, MYD88, CSNK2A1, CDKN2A, CDKN2B, MAP3K9, IFNG, CCBE1, RBCK1, PELI2, MAP2K7, ADAM9, RET, BCL2L14, MADD, 
VANGL2, GRIN2A, GRB10, CCR7, PPP1CA, RASGRF2, ARRB1, RASGRF1, CCR2, VEGFA, ABAT, AKAP6, PTGDR2, FGFR2, MAVS, TNFAIP8L3, FGFR1, SLC38A9, ERBB4, MCL1, ERBB3, 
ERBB2, CRTC1, DRD4, BMPR2, ITGB3, NR2C1, LIF, ECE1, CRB2, FGB, TRAF6, TMEM198, BMF, LFNG, PLAGL2, DVL3, SASH1, LAMTOR3, RAB8B, TAOK1, IL1RN, SMAD4, MUL1, SMAD2, 
FURIN, TRIM62, ACPP, PPIF, NOTCH2, P2RX4, P2RX7, BBC3, EPHA8, GPR39, TRPS1, ULK3, IKBKG, ABL1, ABL2, CACNA1B, PDIA3, CD8A, FGF9, TACR1, BAG4, NOD1, SLC24A2, RASL10B, 
TMEM101, STRA6, TNIP2, APLN, CASP2, PSMD9, PPP2R1B, SLA2, SOX11, TP53, UBE2I, IL6R, NFAM1, NRXN1, SMO, KSR2, SEMA4C, MAP3K10, SEMA4D, MAP3K13, PLA2G5, 
MAP3K11, FFAR4, PPM1A, NEO1, HSH2D, TNFRSF1B, ERCC6, MAP3K3, REL, MAP3K1, SH2B3, NFATC4, PAFAH1B1, EPO, SLC8A2, CREB1, KLK5, TSPAN14, RAF1, TP73, STAT3, AJUBA, 
GDF11, BMPR1B, IGFBP3, TP53INP1 
1.354530573 0.715548784 0.01975766 0.330992438 
 250 
GO:0009967~positive regulation of signal 
transduction 
122 8.720514653 1.71E-04 
SLC44A2, HMGCR, RASGEF1A, ITPKB, NLRC5, BAK1, DIRAS1, MYD88, CSNK2A1, CDKN2A, CDKN2B, MAP3K9, IFNG, CCBE1, RBCK1, PELI2, MAP2K7, ADAM9, RET, BCL2L14, MADD, 
VANGL2, GRB10, CCR7, PPP1CA, RASGRF1, ARRB1, CCR2, VEGFA, AKAP6, PTGDR2, FGFR2, MAVS, TNFAIP8L3, FGFR1, MCL1, ERBB4, SLC38A9, ERBB3, ERBB2, DRD4, BMPR2, ITGB3, 
NR2C1, LIF, ECE1, CRB2, FGB, TRAF6, TMEM198, LFNG, BMF, PLAGL2, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, SMAD4, MUL1, SMAD2, FURIN, TRIM62, ACPP, PPIF, NOTCH2, P2RX4, 
P2RX7, BBC3, EPHA8, TRPS1, ULK3, IKBKG, ABL1, ABL2, CD8A, PDIA3, FGF9, BAG4, NOD1, TMEM101, STRA6, TNIP2, CASP2, PPP2R1B, SLA2, SOX11, TP53, UBE2I, IL6R, NFAM1, SMO, 
KSR2, MAP3K10, SEMA4C, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FFAR4, PPM1A, NEO1, HSH2D, TNFRSF1B, ERCC6, MAP3K3, REL, MAP3K1, SH2B3, NFATC4, PAFAH1B1, EPO, 
KLK5, TSPAN14, RAF1, TP73, STAT3, AJUBA, GDF11, BMPR1B, IGFBP3, TP53INP1 
1.386200631 0.724561247 0.019945129 0.339454685 
GO:0009891~positive regulation of biosynthetic 
process 165 11.79413867 1.74E-04 
RBM4, RORA, REST, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, RBCK1, DHX33, ATOH8, ASPH, MAP2K7, EIF2B5, PHOX2B, RET, SECISBP2, SIX5, GRHL1, RNF222, PROX1, 
BCL2L12, HOXD9, SPAG8, CCR7, MTF1, ARRB1, VEGFA, CCR2, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, MRAP, ELL, CRTC1, ERBB2, PTH1R, ONECUT2, BMPR2, ELK1, MAPKAPK2, MYT1, 
LIN28A, SRF, LIF, PLAGL1, VDR, AHRR, ECE1, TEF, SCARB1, TRAF6, PLAGL2, NKX2-3, RHEBL1, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, SMAD4, ESRRG, ARID3B, SMAD2, 
TET2, TRIM62, HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, AGXT2, BACH1, PPARA, E2F3, PTGES2, CPEB3, FOXK2, DICER1, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, 
NOD1, SERTAD3, TNIP2, NT5E, PSMD9, PARM1, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SS18, SMO, DGAT1, KPNA6, MAP3K13, EIF5A2, WIZ, CD244, 
ABLIM3, ABHD6, GPR65, PPM1A, SEC14L2, CALCA, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, ACSL6, EPO, NFATC1, MAF, CEBPG, CREB1, ELAVL1, 
RAF1, SIRT7, STAT3, ANKRD42, ATXN7L3, SIRT2, TP73, AJUBA, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, SVIP, IRF4, RBM14, BMPR1B, NFIB, 
TP53INP1 
1.311617003 0.729591983 0.019919295 0.344299212 
GO:0008361~regulation of cell size 28 2.001429593 1.91E-04 
MEGF8, PLXNA1, SHTN1, LRRC8A, BMPR2, SRF, AKT1S1, TMEM123, PAFAH1B1, RAP1GAP2, ANO6, RET, VAV3, LIMK1, CREB1, RUFY3, TP73, RND2, P2RX7, CCR5, SEMA4F, IST1, 
VEGFA, SEMA4C, SEMA4B, SEMA4D, SMURF1, ABL1 
2.17859757 0.762727141 0.02156031 0.378647811 
GO:0031328~positive regulation of cellular 
biosynthetic process 
162 11.57969979 1.91E-04 
RBM4, REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, RBCK1, DHX33, ATOH8, ASPH, MAP2K7, EIF2B5, PHOX2B, RET, SECISBP2, SIX5, GRHL1, RNF222, PROX1, 
BCL2L12, HOXD9, SPAG8, CCR7, MTF1, ARRB1, VEGFA, CCR2, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, MRAP, ELL, CRTC1, ERBB2, PTH1R, ONECUT2, BMPR2, ELK1, MAPKAPK2, MYT1, 
LIN28A, SRF, LIF, PLAGL1, VDR, AHRR, ECE1, TEF, SCARB1, TRAF6, PLAGL2, NKX2-3, RHEBL1, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, SMAD4, ESRRG, ARID3B, SMAD2, 
TET2, TRIM62, HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, AGXT2, BACH1, PPARA, E2F3, PTGES2, CPEB3, FOXK2, DICER1, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, 
NOD1, SERTAD3, TNIP2, PSMD9, PARM1, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SS18, SMO, DGAT1, KPNA6, MAP3K13, EIF5A2, WIZ, CD244, ABLIM3, 
GPR65, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, ACSL6, EPO, NFATC1, MAF, CEBPG, CREB1, ELAVL1, RAF1, SIRT7, STAT3, 
ANKRD42, ATXN7L3, SIRT2, TP73, AJUBA, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, SVIP, IRF4, RBM14, BMPR1B, NFIB, TP53INP1 
1.313291465 0.763357316 0.021280806 0.379346489 
GO:0033036~macromolecule localization 213 15.22516083 1.92E-04 
VTCN1, FAM20B, REST, VPS33A, RBM8A, IFNG, VPS4B, ADAM9, BSG, CRTAM, TTC7A, VANGL2, UBE2J1, GRIN2A, DCTN1, GLTP, SSTR5, CCR7, CCR5, VEGFA, UBL4B, ABAT, BIN3, 
MYO18A, ERBB4, ENPP1, RTP1, ERBB2, CACNB1, AKAP13, PPT1, MYT1, LIF, STX18, GORASP1, SLC28A2, PLAGL2, DVL3, LAMTOR3, OSBPL9, IL1RN, SMAD4, SMAD2, ACACB, NXF1, 
UBE2L3, EPHA2, SFRP5, NOTCH2, RABEP2, DCP1A, ARF3, SMURF1, PPARA, LZTS2, FGF9, MYO7A, TIMM17B, ATP10D, LRRC15, KCNIP3, TRIAP1, BAG4, DNAJC14, RAB6B, STRA6, 
STX6, FLOT2, ZDHHC8, TP53, THOC6, GRIP2, SORT1, PLA2G5, SLC27A4, SNAP29, RAB3D, FFAR4, HK2, ZDHHC18, NEO1, EDEM1, RAB43, NUP210, PPP2CA, DDX19B, APBA1, ACSL6, 
LRRC46, APPL1, STAT3, RPL28, MICALL1, YWHAG, RAB37, IST1, MAPK14, RAB22A, ABCC4, SVIP, PES1, LRP4, HMGCR, RBM4, PACSIN1, CDKN2A, RBCK1, ASPH, LEPROT, SAR1B, 
MADD, PCTP, HNRNPA2B1, DTWD2, ARRB1, AKAP6, TNFAIP3, TNFAIP2, FRAS1, MAVS, TNFAIP8L3, PACS2, SYVN1, MRAP, KCNA1, PPIL2, COPZ1, PNPT1, DRD4, ASTN2, ITGB3, UBAC2, 
SLCO2A1, OAZ2, BLOC1S3, FGB, RNF168, SCARB1, SCARB2, SH3TC2, TRAF6, SEC61A2, DDX42, HCN1, RAB8B, TAF8, TOMM40, SLCO2B1, CORO1C, P2RX7, PLEKHA8, BBC3, GPR39, 
IKBKG, ABL1, ABL2, SEL1L, HPS6, RHOQ, PIP5K1C, BAP1, RAB3IP, ACVR1C, STXBP5L, CNTNAP1, YOD1, FAM83H, CDK16, LDAH, PSMD9, NRXN1, PIGR, CHAMP1, SMO, DGAT1, ATG4D, 
ARCN1, CEMIP, HHAT, KPNA6, SNX18, CD244, ABLIM3, BRSK2, PPM1A, ESYT1, TAP2, POU2F2, HINFP, PAFAH1B1, SNX24, EHD1, VPS36, DCLK1, APC, B4GALNT1, SPRN, TNFSF4, 
SNX27, TMBIM6, TSPAN14, RAF1, SUN1, TMED9, RUFY3, SIRT2, AJUBA, SH3BP4, PPP1R9B, ATXN3, CEP68, SNX33, GGA2 
1.258528329 0.763893336 0.021003806 0.379942239 
GO:0030030~cell projection organization 129 9.220872051 1.94E-04 
RP1, ADCY1, SHTN1, PLXNA1, SYT2, EFNA2, ITSN2, MMP2, GDNF, PACSIN1, BHLHB9, UNC5C, PHOX2B, RBFOX2, RET, STMN3, RREB1, VANGL2, LIFR, VAX1, PTPRO, THY1, NUMBL, 
MARK2, RND2, CCR5, RASGRF1, VEGFA, BIN3, ADAMTS1, NEU1, SLITRK6, FGFR2, FGFR1, ACHE, ERBB3, PKHD1, ERBB2, CRTC1, ONECUT2, BMPR2, CEP164, SRF, LIF, RASAL1, FBXW8, 
GORASP1, PVRL2, RAP1GAP2, FBXO45, LRFN2, VAV3, NTF4, RAB8B, NIN, B4GAT1, WDR5, PODXL, SMAD4, MUL1, CELSR2, PCDH15, EPHA2, CORO1C, P2RX7, SARM1, EPHA8, 
SMURF1, MAP6, ABL1, ABL2, LIMA1, KIF24, LZTS1, CPEB3, MYO7A, DICER1, RHOQ, PIP5K1C, MTSS1L, RAB3IP, MBP, BAG4, TMEM231, TTC30B, CNTNAP1, CDK16, ANO6, NOS1AP, 
LIMK1, ZSWIM6, CAMSAP3, NRXN1, FAM134C, SMO, BTG2, SEMA4F, SEMA4C, SEMA4B, SEMA4D, SRGAP2, SNAP29, MEGF8, ABLIM3, BRSK2, CYTH2, FAT4, BCL2, NFATC4, 
PAFAH1B1, EHD1, TBC1D1, ACSL6, DCLK1, APC, EPO, CREB1, DPYSL4, RUFY3, MICALL1, AJUBA, PPP1R9B, ID1, TENM2, IST1, ABCC4, BMPR1B, LRP4, NFIB 
1.367008351 0.768065683 0.020955591 0.384626168 
GO:0010033~response to organic substance 250 17.86990708 2.02E-04 
CYP24A1, REST, RORA, BAK1, MYD88, CCBE1, IFNG, VPS4B, MAP2K7, EIF2B5, ADAM9, PHOX2B, BSG, STC2, CYP1A1, LIFR, UBE2J1, GRIN2A, UBR2, SSTR5, KRT19, GRB10, CCR7, 
SSTR3, CCR5, VEGFA, CCR2, ABAT, ADAMTS1, PRDM1, ENPP1, ERBB4, ERBB3, ERBB2, TAF9B, ADRBK1, PPAT, DAGLA, GCNT1, SASH1, TCF7, ST6GAL1, ESRRA, LAMTOR3, ABR, SCD, 
ACER2, IL1F10, FOXRED2, IL1RN, SMAD4, ESRRG, SMAD2, ACACB, SEPN1, UBE2L3, EPHA2, NOTCH2, BFAR, EPHA8, ETS1, SMURF1, NCOR2, KLF3, FGF5, PPARA, PDIA3, CPEB3, FGF9, 
LRRC15, LNPEP, BAG4, NOD1, ANGPT2, ARHGEF2, TP53, IL6R, MBD1, ANKRD26, SLC26A6, H6PD, SORT1, PLA2G5, MEGF8, PRF1, SORD, FFAR4, NEO1, EDEM1, FAT4, BCL2, PPP2CA, 
IL10RA, AGO2, PRKAA2, ACSL6, PDK2, DGKQ, SLC8A2, BAIAP2L1, PDK3, STAT3, TP73, MICALL1, YWHAG, MAPK14, ABCC4, USP46, GAS2L1, SVIP, ABCC5, LRP4, TP53INP1, DUSP6, 
HMGCR, FGF14, RBM4, GDNF, MMP2, NLRC5, EIF4EBP1, CDKN2A, CDKN2B, SCLY, LEPROT, ASPH, ANKZF1, MTUS1, RET, HNRNPA2B1, SOCS4, TAT, NUMBL, ARRB1, RASGRF1, AKAP6, 
TNFAIP3, CD300LB, MAVS, FGFR2, FGFR1, SYVN1, IL22RA1, SLC38A9, MCL1, DRD4, ONECUT2, PNPT1, BMPR2, ELK1, ITGB3, MAPKAPK2, LIN28A, UBAC2, TRIM71, LIN28B, SRF, 
NR2C1, VDR, AKT1S1, CRB2, FGB, SCARB1, ENTPD1, HCN4, TRAF6, HCN3, HCN1, MUC2, MUL1, TET2, FURIN, PSMB9, HDAC5, P2RX4, P2RX7, SARM1, P2RX6, CXCL13, OTUB1, GPR39, 
DNAJB2, ABL1, ABL2, DNAJB5, SEL1L, CACNA1B, CDK19, IER2, CYP11B2, TACR1, DICER1, MAN1B1, DUOX1, RHOQ, MBP, ACVR1C, GSS, CASP6, CSF2RB, YOD1, TNIP2, LOXL1, GPC1, 
ACADS, SOX11, PADI2, SMO, UGT2B17, DGAT1, BTG2, UBE2W, PROS1, RTN4RL1, BRSK2, PPM1A, CALCOCO2, ATP5G2, CDH5, CALCA, TNFRSF1B, REL, TAP2, MAP3K1, MSI1, 
PAFAH1B1, YES1, EHD1, RNF121, BDH1, SCN5A, APC, EPO, COL4A3, IL2RB, TNFSF4, TMBIM6, CREB1, RAF1, SIRT2, SH3BP4, PPP1R9B, ATXN3, ID1, IRF1, SP5, SETD7, ID3, BMPR1B, 
RNF40 
1.229517203 0.781174702 0.021472981 0.39990909 
GO:0045944~positive regulation of transcription 
from RNA polymerase II promoter 104 7.433881344 2.11E-04 
REST, RORA, GDNF, CBFB, NLRC5, CDKN2A, IFNG, RBCK1, PHOX2B, SIX5, GRHL1, BCL2L12, PROX1, RNF222, HOXD9, SPAG8, MTF1, ARRB1, VEGFA, SPDEF, FGFR2, MAVS, FGFR1, ELL, 
CRTC1, ONECUT2, BMPR2, ELK1, MYT1, SRF, PLAGL1, LIF, VDR, AHRR, TEF, TRAF6, NKX2-3, PLAGL2, IKZF4, ESRRA, KLF13, WDR5, ESRRG, SMAD4, ARID3A, ARID3B, SMAD2, TET2, 
HDAC5, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, MAZ, TNIP2, PSMD9, ARHGEF2, RAX, SOX11, TP53, LPIN2, 
SMO, SS18, KPNA6, ABLIM3, REL, MAP3K1, POU2F2, POU2F1, AGO2, NFATC4, ETV6, YES1, NFATC1, MAF, CREB1, CEBPG, RAF1, TP73, SIRT2, STAT3, ATXN1, MEF2D, SP1, RPS6KA1, 
MAPK14, SP3, IRF1, TCEB2, SP7, IRF4, BMPR1B, RBM14, NFIB 
1.423437691 0.795120924 0.022081227 0.417204794 
GO:0006915~apoptotic process 150 10.72194425 2.21E-04 
HMGCR, PPP2R5C, ITPKB, REST, MMP2, GDNF, BAK1, CDKN2A, CSNK2A1, BHLHB9, MAP3K9, IFNG, RBCK1, UNC5C, MAP2K7, SGPL1, RET, BCL2L14, MADD, GRIN2A, LIFR, LIG4, 
BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FGFR2, FGFR1, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, TAF9B, BMPR2, PPT1, BCL2L2, DIDO1, VDR, 
ECE1, AKT1S1, FGB, BMF, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, IL1RN, MUL1, EPHA2, PPIF, NOTCH2, P2RX4, BFAR, P2RX7, CSRNP3, BBC3, CD59, TRPS1, 
IKBKG, CYFIP2, RHOT2, ABL1, ABL2, SLC46A2, CDK19, E2F2, IER3IP1, PDIA3, HIP1R, DICER1, KCNIP3, ACVR1C, TRIAP1, CASP6, NOD1, CASP7, AEN, FAM129B, TNIP2, ANO6, CASP2, 
PSMD9, PPP2R1B, PARM1, TP53, JMY, AMIGO2, SMO, BTG2, NAIF1, THOC6, MAP3K10, SORT1, KCNH8, MAP3K11, PRF1, FFAR4, CD248, BRSK2, HK2, MKNK2, HSH2D, TNFRSF1B, 
ERCC6, BCL2, ALDH1A3, MAP3K1, PPP2CA, NFATC4, PRKAA2, ETV6, APC, EPO, COL4A3, PDK2, IL2RB, TMBIM6, CREB1, RAF1, SIRT5, AMBRA1, STAT3, SIRT2, TP73, MEF2D, DRAM2, 
BRMS1, RPS6KA1, AREL1, ID1, MAPK14, IRF1, PPP2R4, ID3, BMPR1B, PERP, IGFBP3, TP53INP1, DUSP6 
1.326420474 0.810581981 0.022843367 0.437808407 
GO:0051093~negative regulation of 
developmental process 
97 6.933523946 2.29E-04 
ITPKB, REST, RORA, NMRK2, CDKN2A, IFNG, FNDC3B, PHOX2B, STC2, VANGL2, VAX1, LIG4, BCL2L12, PROX1, THY1, MIB1, MED15, CCR5, CCR2, VEGFA, SPDEF, FGFR1, HMGB3, 
ERBB4, ENPP1, ERBB2, ITGB3, LIN28A, LIF, HIST1H4A, UBASH3B, GORASP1, MBNL3, RAP1GAP2, LFNG, ABR, KLF13, MUL1, TRIM62, EPHA2, HDAC5, SFRP5, CORO1C, SRSF6, ABL1, 
NCOR2, PPARA, NRG3, DICER1, TTPA, ACVR1C, MBP, ANGPT2, GPR173, ARHGEF2, SOX11, TP53, CDK6, MBD1, MMP11, SMO, SS18, ANKRD26, SEMA4F, DIS3L2, SEMA4C, SORT1, 
SEMA4B, SEMA4D, SRGAP2, USP2, CYTH2, TRIB2, STARD13, CALCA, PPP2CA, BCL2, NFATC4, PAFAH1B1, NFATC1, APC, COL4A3, TNFSF4, RAF1, TP73, SIRT2, RUFY3, STAT3, ID2, ID1, 
IRF1, GDF11, SETD6, GAS2L1, ID3, LRP4, NFIB 
1.442056424 0.821962334 0.023363301 0.454075664 
GO:0045892~negative regulation of transcription, 
DNA-templated 
112 8.00571837 2.30E-04 
REST, CBX7, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, SCRT2, RBFOX2, RREB1, HNRNPA2B1, UBR2, SIX5, VAX1, PROX1, FOXN3, HOXD9, ARRB1, VEGFA, HES2, SPDEF, 
PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, SRF, NR2C1, VDR, AHRR, OVOL1, RNF168, TRAF6, IKZF4, ESRRA, TCF7, RFX5, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, 
HDAC5, SFRP5, HOXB3, NOTCH2, TRPS1, MLX, TDG, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, 
1.397949269 0.823567447 0.023170805 0.456453121 
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TP53, UBE2I, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, PPP2CA, POU2F1, HINFP, NFATC4, ETV6, BAZ2A, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, 
JARID2, TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
GO:0040008~regulation of growth 69 4.932094353 2.32E-04 
PLXNA1, SHTN1, FGF9, SYT2, BAP1, ITSN2, FOXS1, CGREF1, MYD88, CSNK2A1, CDKN2A, IFNG, SERTAD3, SGPL1, STC2, LIMK1, TP53, PROX1, RND2, DDR1, ANKRD26, SMO, CCR5, 
SEMA4F, VEGFA, NAIF1, SEMA4C, AKAP6, SEMA4B, SEMA4D, FGFR2, MEGF8, FGFR1, ENPP1, ERBB4, ERBB2, PNPT1, TAF9B, BMPR2, PPT1, SRF, RASAL1, IGSF11, BCL2, PAFAH1B1, 
ZC3H12D, CREB1, SCD, SMAD4, MUL1, ACACB, TP73, RUFY3, STAT3, SFRP5, PPP1R9B, SH3BP4, ST7L, DIO3, BBC3, IST1, MAPK14, GAS2L1, OGFR, DNAJB2, SMURF1, ABL1, IGFBP3, 
DUSP6 
1.563035417 0.825235838 0.022989199 0.45894728 
GO:0051056~regulation of small GTPase 
mediated signal transduction 
30 2.144388849 2.34E-04 RALGPS2, CYTH1, ERBB2, RASGEF1A, AKAP13, CYTH2, ITPKB, ITSN2, RASAL2, RASAL1, PLEKHG2, RASA3, RAP1GAP2, IQSEC3, IQSEC2, EPO, ARHGEF2, ABR, ARHGEF1, VAV3, STMN3, 
ARHGEF39, MADD, ARHGEF18, NOTCH2, RASGRF2, ARFGEF3, RASGRF1, ARRB1, ABL2 
2.084926939 0.828096916 0.022902408 0.463280244 
GO:0070887~cellular response to chemical 
stimulus 
213 15.22516083 2.43E-04 
REST, RORA, BAK1, MYD88, CCBE1, IFNG, MAP2K7, EIF2B5, ADAM9, PHOX2B, STC2, CYP1A1, PIK3CD, LIFR, GRIN2A, UBR2, LIG4, PTPRO, SSTR5, GRB10, CCR7, SSTR3, CCR5, CCR2, 
VEGFA, ADAMTS1, PRDM1, BIN2, ENPP1, ERBB3, ERBB2, PPAT, CD69, CKLF, SLC31A1, SASH1, ESRRA, LAMTOR3, TCF7, ACER2, IL1F10, IL1RN, SMAD4, ESRRG, SMAD2, SEPN1, 
UBE2L3, EPHA2, NOTCH2, BFAR, ETS1, EPHA8, SMURF1, KLF3, BACH1, KCNH1, FGF5, PPARA, PDIA3, FGF9, CPEB3, MMP28, LRRC15, BAG4, NOD1, HIF1AN, ANGPT2, ARHGEF2, 
TP53, IL6R, ANKRD26, SLC26A6, SORT1, MEGF8, FFAR4, MKNK2, NEO1, EDEM1, FAT4, BCL2, PPP2CA, IL10RA, FMO2, AGO2, PRKAA2, ACSL6, PDK2, BAIAP2L1, PDK3, STAT3, MICALL1, 
YWHAG, MAPK14, GAS2L1, LRP4, TP53INP1, DUSP6, IL16, HMGCR, FGF14, RBM4, MMP2, GDNF, NLRC5, EIF4EBP1, CDKN2A, CDKN2B, SCLY, ASPH, LEPROT, ANKZF1, MTUS1, RET, 
HNRNPA2B1, SOCS4, NUMBL, RASGRF1, ARRB1, AKAP6, TNFAIP3, CD300LB, MAVS, FGFR2, FGFR1, SYVN1, IL22RA1, MCL1, SLC38A9, ONECUT2, KCNA1, PNPT1, BMPR2, ELK1, 
MAPKAPK2, ITGB3, LIN28A, TRIM71, LIN28B, SRF, NR2C1, VDR, AKT1S1, CRB2, FGB, SCARB1, HCN4, ENTPD1, TRAF6, HCN3, HCN1, MUC2, VAV3, SUV39H1, MUL1, FURIN, PSMB9, 
HDAC5, PPIF, ITGA9, P2RX4, P2RX7, BBC3, CXCL13, OTUB1, GPR39, ABL1, ABL2, CDK19, CYP11B2, DICER1, DUOX1, RHOQ, ACVR1C, CSF2RB, YOD1, TNIP2, ANO6, GPC1, SOX11, 
PADI2, SMO, UGT2B17, UBE2W, TXNRD1, RTN4RL1, PPM1A, CDH5, CALCA, TNFRSF1B, MAP3K1, PAFAH1B1, NFATC4, UCK2, YES1, RNF121, EHD1, SCN5A, APC, IL2RB, TNFSF4, 
TMBIM6, CREB1, RAF1, SIRT2, SH3BP4, PPP1R9B, ATXN3, ID2, ID1, IRF1, SP5, ID3, BMPR1B 
1.253355586 0.839092091 0.023447019 0.480629215 
GO:0051253~negative regulation of RNA 
metabolic process 118 8.43459614 2.55E-04 
REST, CBX7, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SECISBP2, SIX5, UBR2, VAX1, PROX1, FOXN3, HOXD9, ARRB1, VEGFA, 
HES2, SPDEF, PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, SRF, NR2C1, VDR, AHRR, OVOL1, RNF168, TRAF6, IKZF4, ESRRA, TCF7, RFX5, SUV39H1, RYBP, KLF16, 
SMAD4, SMAD2, TRIM62, HDAC5, SFRP5, HOXB3, NOTCH2, SRSF6, MLX, TRPS1, TDG, DDX54, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, 
KCNIP3, BAG4, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, PPP2CA, POU2F1, HINFP, NFATC4, 
ETV6, BAZ2A, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, JARID2, TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, 
RNF40, NFIB 
1.38131382 0.85318831 0.024297441 0.504687925 
GO:0051674~localization of cell 121 8.649035025 2.55E-04 
IL16, PLXNA1, SHTN1, RASGEF1A, ENPEP, MMP2, GDNF, MYD88, GAB2, IFNG, CCBE1, ROBO4, UNC5C, ATOH8, SCRT1, MTUS1, FNDC3B, ADAM9, SCRT2, PHOX2B, SGPL1, RBFOX2, 
RET, TMEM201, RREB1, PIK3CD, VANGL2, VAX1, PTPRO, PROX1, THY1, MARK2, CCR7, CCR5, CCR2, VEGFA, BIN3, BIN2, MYO18A, FGFR1, ERBB4, PEAK1, ONECUT2, BMPR2, ITGB3, 
SRF, CKLF, SCARB1, LHX6, GCNT1, FBXO45, NKX2-3, B4GALT1, SASH1, MUC2, VAV3, ABR, ARHGEF39, PODXL, IL1RN, CELSR2, MCAM, FURIN, EPHA2, CORO1C, HDAC5, ITGA9, LAMA4, 
ETS1, CXCL13, EPHA8, ITGA7, ABL2, IER2, NRG3, TACR1, MMP28, LRRC15, ACVR1C, BAG4, GPC6, FAM83H, ANGPT2, ANO6, GPR173, FMNL3, PIK3C2B, TP53, ZSWIM6, PADI2, JMY, 
SMO, DDR1, SEMA4F, CEMIP, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, SORD, FUT7, CD248, ABHD6, CBLL1, STARD13, CALCA, BCL2, MAP3K1, PAFAH1B1, UNK, DCLK1, APC, 
PSTPIP2, RUFY3, STAT3, AJUBA, PPP1R9B, MAPK14, IGFBP3, TP53INP1 
1.37483833 0.853386807 0.024010313 0.505042921 
GO:0048870~cell motility 121 8.649035025 2.55E-04 
IL16, PLXNA1, SHTN1, RASGEF1A, ENPEP, MMP2, GDNF, MYD88, GAB2, IFNG, CCBE1, ROBO4, UNC5C, ATOH8, SCRT1, MTUS1, FNDC3B, ADAM9, SCRT2, PHOX2B, SGPL1, RBFOX2, 
RET, TMEM201, RREB1, PIK3CD, VANGL2, VAX1, PTPRO, PROX1, THY1, MARK2, CCR7, CCR5, CCR2, VEGFA, BIN3, BIN2, MYO18A, FGFR1, ERBB4, PEAK1, ONECUT2, BMPR2, ITGB3, 
SRF, CKLF, SCARB1, LHX6, GCNT1, FBXO45, NKX2-3, B4GALT1, SASH1, MUC2, VAV3, ABR, ARHGEF39, PODXL, IL1RN, CELSR2, MCAM, FURIN, EPHA2, CORO1C, HDAC5, ITGA9, LAMA4, 
ETS1, CXCL13, EPHA8, ITGA7, ABL2, IER2, NRG3, TACR1, MMP28, LRRC15, ACVR1C, BAG4, GPC6, FAM83H, ANGPT2, ANO6, GPR173, FMNL3, PIK3C2B, TP53, ZSWIM6, PADI2, JMY, 
SMO, DDR1, SEMA4F, CEMIP, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, SORD, FUT7, CD248, ABHD6, CBLL1, STARD13, CALCA, BCL2, MAP3K1, PAFAH1B1, UNK, DCLK1, APC, 
PSTPIP2, RUFY3, STAT3, AJUBA, PPP1R9B, MAPK14, IGFBP3, TP53INP1 
1.37483833 0.853386807 0.024010313 0.505042921 
GO:0010558~negative regulation of 
macromolecule biosynthetic process 
129 9.220872051 2.69E-04 
RBM4, REST, CBX7, IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, EIF2B5, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SIX5, UBR2, VAX1, PROX1, FOXN3, HOXD9, 
GRB10, ARRB1, VEGFA, HES2, SPDEF, MVK, PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, ENPP1, PKHD1, TAF9B, BMPR2, ITGB3, TRIM71, SRF, NR2C1, VDR, AHRR, OVOL1, 
RNF168, TRAF6, IKZF4, TCF7, ESRRA, RFX5, ACER2, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, TRIM62, HDAC5, SFRP5, HOXB3, NOTCH2, MLX, TRPS1, TDG, DDX54, NCOR2, DNAJB5, 
BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, IL6R, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, 
LCOR, USP2, TRIB2, CALCA, REL, PPP2CA, POU2F1, HINFP, AGO2, NFATC4, UNK, ETV6, BAZ2A, ZC3H12D, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, JARID2, TMBIM6, CEBPG, CREB1, 
SIRT7, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
1.356964205 0.86752285 0.024950279 0.531641812 
GO:0001667~ameboidal-type cell migration 41 2.930664761 2.72E-04 
FGFR1, MEGF8, ERBB4, TACR1, BMPR2, ITGB3, SRF, GDNF, STARD13, ACVR1C, CALCA, BAG4, GAB2, IFNG, CCBE1, SCARB1, PAFAH1B1, ATOH8, ANGPT2, ADAM9, SGPL1, PHOX2B, 
SASH1, RET, TMEM201, RREB1, PROX1, EPHA2, CORO1C, HDAC5, SMO, CCR5, CXCL13, ETS1, SEMA4F, MAPK14, VEGFA, SEMA4C, SEMA4B, SEMA4D, SRGAP2 1.822908171 0.871287872 0.024993193 0.539204503 
GO:2000113~negative regulation of cellular 
macromolecule biosynthetic process 124 8.86347391 2.75E-04 
RBM4, REST, CBX7, IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, EIF2B5, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SIX5, UBR2, VAX1, PROX1, FOXN3, HOXD9, 
GRB10, ARRB1, VEGFA, HES2, SPDEF, MVK, PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, ENPP1, PKHD1, TAF9B, BMPR2, TRIM71, SRF, NR2C1, VDR, AHRR, OVOL1, RNF168, 
TRAF6, IKZF4, ESRRA, TCF7, RFX5, ACER2, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, HDAC5, SFRP5, HOXB3, NOTCH2, MLX, TRPS1, TDG, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, 
FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, 
PPP2CA, POU2F1, HINFP, AGO2, NFATC4, UNK, ETV6, BAZ2A, ZC3H12D, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, JARID2, TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, AJUBA, ATXN1, 
SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
1.365573686 0.873584553 0.024906316 0.543926899 
GO:1903507~negative regulation of nucleic acid-
templated transcription 113 8.077197999 2.75E-04 
REST, CBX7, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, SCRT2, RBFOX2, RREB1, HNRNPA2B1, UBR2, SIX5, VAX1, PROX1, FOXN3, HOXD9, ARRB1, VEGFA, HES2, SPDEF, 
PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, SRF, NR2C1, VDR, AHRR, OVOL1, RNF168, TRAF6, IKZF4, ESRRA, TCF7, RFX5, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, 
HDAC5, SFRP5, HOXB3, NOTCH2, TRPS1, MLX, TDG, DDX54, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, HIF1AN, PCGF6, HOMEZ, SLA2, 
SOX11, TP53, UBE2I, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, PPP2CA, POU2F1, HINFP, NFATC4, ETV6, BAZ2A, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, 
JARID2, TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
1.389831881 0.873790507 0.024629125 0.544354549 
GO:0044265~cellular macromolecule catabolic 
process 
83 5.932809149 2.81E-04 
CPEB3, UBE2G1, DICER1, PPP2R5C, MAN1B1, BAP1, ZNRF3, CDKN2A, TRIM9, RBM8A, EDC3, USP12, VPS4B, RBCK1, LSM4, MAGOHB, TLK2, YOD1, ANKZF1, PSMD7, GPC1, GTPBP2, 
NUDT16, PAN2, HERC6, SECISBP2, UBE2J1, UBR2, UBE2I, SOCS4, RNF222, BTG2, ARRB1, DIS3L2, OPHN1, UBE2W, TNFAIP3, FBXO10, CLN6, SYVN1, USP8, USP2, PNPT1, ANAPC15, 
PPT1, LIN28A, EDEM1, LIN28B, TRIB2, UBE2R2, MAP3K1, KLHL40, USP38, USP37, AGO2, RNF168, RNF121, VPS36, FBXO45, ZC3H12D, APC, RNF144A, RNF144B, FOXRED2, SMG1, 
UBE2L3, FURIN, PSMB8, SIRT2, PSMB9, DIS3, BFAR, ATXN3, PSMD13, AREL1, DCP1A, USP46, SVIP, DNAJB2, SMURF1, IGFBP3, RNF40, USP45 
1.483482347 0.879110178 0.024839574 0.555648628 
GO:1902679~negative regulation of RNA 
biosynthetic process 114 8.148677627 2.83E-04 
REST, CBX7, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, SCRT2, RBFOX2, RREB1, HNRNPA2B1, UBR2, SIX5, VAX1, PROX1, FOXN3, HOXD9, ARRB1, VEGFA, HES2, SPDEF, 
PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, SRF, NR2C1, VDR, AHRR, OVOL1, RNF168, TRAF6, IKZF4, ESRRA, TCF7, RFX5, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, 
TRIM62, HDAC5, SFRP5, HOXB3, NOTCH2, MLX, TRPS1, TDG, DDX54, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, HIF1AN, PCGF6, 
HOMEZ, SLA2, SOX11, TP53, UBE2I, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, PPP2CA, POU2F1, HINFP, NFATC4, ETV6, BAZ2A, NFATC1, EPO, MAF, 
ZBTB7A, TNFSF4, JARID2, TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
1.385467579 0.881596262 0.024789392 0.561097847 
GO:0010720~positive regulation of cell 
development 63 4.503216583 2.85E-04 
SHTN1, CPEB3, SYT2, DICER1, ITSN2, GDNF, CASP6, PACSIN1, CDKN2A, BHLHB9, IFNG, PHOX2B, RET, LIMK1, RREB1, SOX11, LIG4, PROX1, NUMBL, MARK2, RND2, FAM134C, SMO, 
CCR5, VEGFA, AKAP6, ADAMTS1, NEU1, SEMA4D, FGFR1, TRIOBP, MEGF8, ACHE, CRTC1, BMPR2, ITGB3, LIN28A, SRF, CDH5, LIF, VDR, RASAL1, FBXW8, CRB2, BCL2, PAFAH1B1, 
ACSL6, EPO, B4GALT1, NIN, SMAD4, MUL1, SMAD2, TP73, SIRT2, RUFY3, ATXN1, ID2, IST1, RGS6, SMURF1, ABL1, ABL2 
1.590722035 0.882776711 0.024618351 0.563725344 
GO:0001822~kidney development 39 2.787705504 2.97E-04 FRAS1, FGFR2, FGFR1, LZTS2, PKHD1, ITGB3, ENPEP, LIN28A, GDNF, PPAT, LIF, FAT4, BCL2, ALDH1A3, IFNG, OVOL1, STRA6, GCNT1, ANGPT2, APC, COL4A3, SGPL1, RET, PODXL, 
SOX11, VANGL2, SMAD4, SMAD2, TET2, PTPRO, PROX1, TP73, SMO, ID2, VEGFA, GDF11, ADAMTS1, ID3, LRP4 
1.848819319 0.892826666 0.025343526 0.587226954 
GO:0030334~regulation of cell migration 74 5.289492495 2.97E-04 NRG3, SHTN1, PLXNA1, TACR1, MMP28, LRRC15, MMP2, ACVR1C, BAG4, MYD88, GAB2, IFNG, CCBE1, ROBO4, UNC5C, ATOH8, FAM83H, SCRT1, ANGPT2, ANO6, MTUS1, ADAM9, 
GPR173, SCRT2, RET, RREB1, PIK3CD, TP53, ZSWIM6, PADI2, PROX1, THY1, CCR7, CCR5, SEMA4F, VEGFA, CCR2, CEMIP, SEMA4C, SEMA4B, SEMA4D, SRGAP2, FGFR1, ERBB4, ABHD6, 
1.52215643 0.893030427 0.025080254 0.587725866 
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ONECUT2, BMPR2, CBLL1, ITGB3, SRF, STARD13, BCL2, MAP3K1, APC, SASH1, MUC2, ABR, ARHGEF39, PODXL, IL1RN, MCAM, FURIN, RUFY3, EPHA2, STAT3, CORO1C, AJUBA, HDAC5, 
LAMA4, CXCL13, ETS1, MAPK14, IGFBP3, TP53INP1 
GO:0051130~positive regulation of cellular 
component organization 
124 8.86347391 3.11E-04 
RP1, SHTN1, SYT2, FAM20B, ITSN2, GDNF, BAK1, PACSIN1, BHLHB9, IFNG, VPS4B, LSM4, LEPROT, MAP2K7, ADAM9, PAN2, PHYHIP, RET, RREB1, TADA2B, LIG4, PROX1, NUMBL, 
MARK2, RND2, MIB1, CBLN2, ARRB1, DTWD2, VEGFA, UBL4B, ADAMTS1, NEU1, SLITRK6, FGFR1, ACHE, ERBB2, CRTC1, BMPR2, PPT1, ITGB3, SRF, LIF, RASAL1, FBXW8, GMIP, CRB2, 
STX18, BMF, PLAGL2, ABR, RAB8B, NIN, SMAD4, MUL1, SMAD2, UBE2L3, EPHA2, FAM131B, CORO1C, PPIF, P2RX7, CXCL13, BBC3, SMURF1, WDR1, ABL1, ABL2, PIP4K2B, CPEB3, 
TACR1, RHOQ, VPS37B, BAP1, BAG4, ANO6, LIMK1, ZDHHC8, TP53, NRXN1, JMY, FAM134C, AMIGO2, CEMIP, HHAT, SEMA4D, EIF5A2, PROS1, MEGF8, TRIOBP, ABLIM3, HK2, GPR65, 
CALCOCO2, CBLL1, MAP3K1, WIPF2, PAFAH1B1, EHD1, ACSL6, APC, EPO, SYNPO, HAPLN1, BAIAP2L1, JARID2, CREB1, LRRC46, FRMPD4, AMBRA1, TMED9, RPL28, SIRT2, RUFY3, 
AJUBA, PPP1R9B, SLC35C1, ID1, TENM2, IST1, MAPK14, IGFBP3, LRP4, RNF40 
1.360341602 0.903548117 0.025935399 0.614856346 
GO:0048638~regulation of developmental 
growth 
42 3.002144389 3.15E-04 FGFR2, FGFR1, MEGF8, PLXNA1, SHTN1, ERBB4, FGF9, SYT2, BMPR2, ITSN2, SRF, FOXS1, RASAL1, BCL2, PAFAH1B1, SGPL1, STC2, LIMK1, CREB1, MUL1, ACACB, PROX1, TP73, STAT3, 
RUFY3, SFRP5, RND2, ANKRD26, SMO, CCR5, DIO3, SEMA4F, IST1, MAPK14, VEGFA, SEMA4C, SEMA4B, AKAP6, SMURF1, SEMA4D, ABL1, DUSP6 
1.794904267 0.906417335 0.025977839 0.622771034 
GO:0031327~negative regulation of cellular 
biosynthetic process 
133 9.506790565 3.25E-04 
RBM4, REST, CBX7, IGHMBP2, NLRC5, PGP, EIF4EBP1, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, EIF2B5, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SIX5, UBR2, VAX1, PROX1, FOXN3, 
HOXD9, GRB10, ARRB1, VEGFA, HES2, SPDEF, AKAP6, MVK, PRDM1, ST18, ATXN1L, TNFAIP3, FGFR2, FGFR1, ENPP1, PKHD1, TAF9B, DRD4, BMPR2, TRIM71, SRF, NR2C1, VDR, AHRR, 
OVOL1, RNF168, ENTPD1, TRAF6, IKZF4, TCF7, ESRRA, RFX5, ACER2, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, TRIM62, HDAC5, SFRP5, HOXB3, NOTCH2, MLX, TRPS1, TDG, DDX54, 
PDZD3, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, KCNIP3, FOXS1, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, MBD1, MXD4, SMO, BTG2, 
MAP3K10, SEMA4D, LCOR, USP2, TRIB2, CALCA, REL, PPP2CA, POU2F1, HINFP, AGO2, NFATC4, UNK, ETV6, BAZ2A, ZC3H12D, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, JARID2, TMBIM6, 
CEBPG, CREB1, SIRT7, STAT3, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
1.341856431 0.913127044 0.026492299 0.642266943 
GO:0051173~positive regulation of nitrogen 
compound metabolic process 163 11.65117941 3.35E-04 
RBM4, REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, RBCK1, DHX33, ATOH8, ASPH, MAP2K7, EIF2B5, NUDT16, PHOX2B, RET, SECISBP2, SIX5, GRHL1, RNF222, 
PROX1, BCL2L12, HOXD9, SPAG8, MTF1, ARRB1, VEGFA, SPDEF, ABAT, MAVS, FGFR2, FGFR1, ERBB4, MRAP, ELL, CRTC1, ERBB2, PNPT1, ONECUT2, BMPR2, ELK1, MYT1, LIN28A, 
SRF, LIF, PLAGL1, VDR, AHRR, ECE1, TEF, RNF168, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, SMAD4, ESRRG, ARID3B, SMAD2, TET2, 
TRIM62, HDAC5, P2RX7, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, AGXT2, BACH1, PPARA, E2F3, PTGES2, CPEB3, FOXK2, DICER1, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, 
NOD1, SERTAD3, TNIP2, PSMD9, PARM1, ARHGEF2, BRCC3, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, BTG2, KPNA6, MAP3K13, EIF5A2, WIZ, ABLIM3, 
GPR65, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, PRKAA2, YES1, ETV6, EPO, NFATC1, MAF, TNFSF4, CEBPG, CREB1, RBM20, ELAVL1, RAF1, 
SIRT7, STAT3, ANKRD42, ATXN7L3, SIRT2, TP73, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, BMPR1B, RBM14, IGFBP3, NFIB, TP53INP1 
1.296438459 0.919988207 0.027078589 0.663821852 
GO:0022604~regulation of cell morphogenesis 61 4.360257327 3.38E-04 
RP1, LZTS1, PLXNA1, SHTN1, SYT2, RHOQ, ITSN2, GDNF, MBP, BHLHB9, FMNL3, RET, LIMK1, RREB1, ARHGEF18, ERMN, NUMBL, MARK2, THY1, RND2, BRWD1, CCR5, SEMA4F, 
VEGFA, SEMA4C, SEMA4B, SEMA4D, TRIOBP, MEGF8, ACHE, BMPR2, CDC42SE1, ITGB3, SRF, LIF, RASAL1, FBXW8, CRB2, GORASP1, PPP2CA, WIPF2, PAFAH1B1, NFATC4, TBC1D1, 
ST6GAL1, NIN, ZMYM3, SMAD4, MUL1, SMAD2, TRIM62, RUFY3, CORO1C, SARM1, ID1, IST1, ITGA7, POFUT2, SMURF1, ABL1, LRP4 
1.593624813 0.921415569 0.026979707 0.668537224 
GO:0044270~cellular nitrogen compound 
catabolic process 39 2.787705504 3.39E-04 
PPARA, ENPP1, CPEB3, DICER1, PNPT1, KMO, LIN28A, LIN28B, CDKN2A, RBM8A, NT5M, EDC3, LSM4, MAGOHB, AGO2, ENTPD3, PRKAA2, ENTPD4, ENTPD1, NT5E, ZC3H12D, 
DCTPP1, PAN2, NUDT16, GTPBP2, SECISBP2, TP53, SMG1, TET2, STAT3, DIS3, P2RX7, BTG2, MLYCD, PDE7A, ARRB1, DCP1A, DIS3L2, IGFBP3 1.836656034 0.921845095 0.026753302 0.669972916 
GO:0048534~hematopoietic or lymphoid organ 
development 
87 6.218727663 3.39E-04 
CD8A, LRRC8A, EFNA2, DICER1, ITPKB, REST, RORA, VPS33A, CBFB, BAK1, CDKN2A, GAB2, CDKN2B, IFNG, RBFOX2, SGPL1, RET, BATF2, TTC7A, HERC6, TAZ, TP53, CDK6, LIG4, 
NFAM1, DCLRE1C, CCR7, VEGFA, CCR2, CD300LF, PRDM1, ATXN1L, PLA2G2D, ADD2, SPTB, FGFR2, HMGB3, FUT7, ERBB2, CD248, MKNK2, SRF, AZI2, CALCA, LIF, HIST1H4A, 
UBASH3B, BCL2, POU2F2, SH2B3, PAFAH1B1, ETV6, TRAF6, NBEAL2, LFNG, APC, NFATC1, NKX2-3, EPO, ZBTB7A, ESRRA, TCF7, TNFSF4, WDR7, KLF13, JARID2, CREB1, CEBPG, RAF1, 
TET2, EPHA2, PSMB9, HOXB3, NOTCH2, SP1, ID2, CXCL13, ETS1, MAPK14, SP3, IRF1, GAS2L1, SP7, IRF4, ABL1, ABL2, SLC46A2 
1.460182126 0.922188434 0.026520567 0.671126198 
GO:0010557~positive regulation of 
macromolecule biosynthetic process 
151 10.79342387 3.48E-04 
RBM4, REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, RBCK1, DHX33, ATOH8, ASPH, MAP2K7, EIF2B5, PHOX2B, RET, SECISBP2, SIX5, GRHL1, RNF222, PROX1, 
BCL2L12, HOXD9, SPAG8, CCR7, MTF1, ARRB1, CCR2, VEGFA, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, ELL, CRTC1, ERBB2, ONECUT2, BMPR2, ELK1, MAPKAPK2, MYT1, LIN28A, SRF, 
LIF, PLAGL1, VDR, AHRR, TEF, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, ESRRG, SMAD4, ARID3B, SMAD2, TET2, TRIM62, HDAC5, CSRNP3, 
EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, PTGES2, CPEB3, DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, SERTAD3, TNIP2, PSMD9, PARM1, 
ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, KPNA6, MAP3K13, EIF5A2, WIZ, ABLIM3, PPM1A, ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, 
AGO2, NFATC4, YES1, ETV6, EPO, NFATC1, MAF, CEBPG, CREB1, ELAVL1, RAF1, SIRT7, STAT3, ANKRD42, ATXN7L3, SIRT2, TP73, ATXN1, MEF2D, RPS6KA1, ID2, SP1, SP3, MAPK14, 
IRF1, TCEB2, SETD7, SP7, SVIP, IRF4, RBM14, BMPR1B, NFIB, TP53INP1 
1.311766533 0.927251805 0.026930228 0.688749907 
GO:0009890~negative regulation of biosynthetic 
process 
135 9.649749821 3.50E-04 
RBM4, REST, CBX7, IGHMBP2, NLRC5, PGP, EIF4EBP1, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, EIF2B5, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SIX5, UBR2, VAX1, PROX1, FOXN3, 
HOXD9, GRB10, ARRB1, VEGFA, HES2, SPDEF, AKAP6, MVK, PRDM1, ST18, ATXN1L, TNFAIP3, FGFR2, FGFR1, ENPP1, PKHD1, TAF9B, DRD4, BMPR2, ITGB3, TRIM71, SRF, NR2C1, 
VDR, AHRR, OVOL1, RNF168, ENTPD1, TRAF6, IKZF4, TCF7, ESRRA, RFX5, ACER2, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, TRIM62, HDAC5, SFRP5, HOXB3, NOTCH2, MLX, TRPS1, 
TDG, DDX54, PDZD3, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, KCNIP3, FOXS1, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, IL6R, MBD1, 
MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, TRIB2, CALCA, REL, PPP2CA, POU2F1, HINFP, AGO2, NFATC4, UNK, ETV6, BAZ2A, ZC3H12D, EPO, NFATC1, MAF, ZBTB7A, 
TNFSF4, JARID2, TMBIM6, CEBPG, CREB1, SIRT7, STAT3, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, NFIB 
1.334756404 0.928436964 0.026821137 0.693051616 
GO:0045935~positive regulation of nucleobase-
containing compound metabolic process 
155 11.07934239 3.54E-04 
REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, RBCK1, DHX33, ATOH8, ASPH, MAP2K7, NUDT16, PHOX2B, RET, SIX5, GRHL1, RNF222, PROX1, BCL2L12, HOXD9, 
SPAG8, MTF1, ARRB1, VEGFA, SPDEF, MAVS, FGFR2, FGFR1, ERBB4, MRAP, ELL, CRTC1, ERBB2, PNPT1, ONECUT2, BMPR2, ELK1, MYT1, SRF, LIF, PLAGL1, VDR, AHRR, ECE1, TEF, 
RNF168, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, ESRRG, SMAD4, ARID3B, SMAD2, TET2, TRIM62, HDAC5, P2RX7, CSRNP3, EBF4, ETS1, 
TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, PTGES2, CPEB3, DICER1, FOXK2, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, SERTAD3, TNIP2, PSMD9, PARM1, ARHGEF2, 
BRCC3, RAX, SOX11, TP53, PADI2, UBE2I, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, BTG2, KPNA6, MAP3K13, WIZ, ABLIM3, GPR65, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, 
POU2F1, HINFP, AGO2, NFATC4, PRKAA2, YES1, ETV6, EPO, NFATC1, MAF, TNFSF4, CEBPG, CREB1, RBM20, RAF1, SIRT7, STAT3, ANKRD42, ATXN7L3, SIRT2, TP73, ATXN1, MEF2D, 
RPS6KA1, ID2, SP1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, BMPR1B, RBM14, IGFBP3, NFIB, TP53INP1 
1.305327788 0.930464568 0.026836577 0.700578575 
GO:0007265~Ras protein signal transduction 37 2.644746247 3.67E-04 RALGPS2, USP8, SHTN1, CYTH1, ERBB2, RASGEF1A, AKAP13, CYTH2, ITPKB, ITSN2, RFXANK, RASAL2, RASAL1, PLEKHG2, CDKN2A, RASA3, IQSEC3, IQSEC2, EPO, ARHGEF2, ABR, 
ARHGEF1, VAV3, STMN3, ARHGEF39, MADD, ARHGEF18, VANGL2, TP53, NOTCH2, DOK1, RASGRF2, ARFGEF3, RASGRF1, ARRB1, RIT1, ABL2 
1.865177598 0.937082208 0.027551975 0.726763873 
GO:0050790~regulation of catalytic activity 181 12.93781272 3.80E-04 
METTL21A, HMGCR, PPP2R5C, RASGEF1A, REST, ITSN2, GDNF, NLRC5, BAK1, DIRAS1, CDKN2A, CSNK2A1, CDKN2B, MAP3K9, IFNG, RAPGEF5, ASPH, MAP2K7, EIF2B5, ADAM9, 
PPP1R37, CEP85, RET, STMN3, MADD, VANGL2, SOCS4, PROX1, BCL2L12, THY1, SGSM2, RASGRF2, ARFGEF3, ARRB1, RASGRF1, VEGFA, OPHN1, AKAP6, TNFAIP3, FGFR2, TNFAIP8L3, 
FGFR1, RALGPS2, PPME1, ERBB4, ERBB3, ELL, ERBB2, DRD4, AKAP13, PPT1, ITGB3, SH3BP5L, RASAL2, OAZ2, VDR, RASAL1, AKT1S1, GMIP, CRB2, UBASH3B, SCARB1, IQSEC3, 
RAP1GAP2, TRAF6, IQSEC2, DVL3, SASH1, LAMTOR3, VAV3, ABR, ARHGEF39, TAOK1, ACER2, IL1RN, MYO1D, MUL1, ACACB, UBE2L3, FURIN, PSMB8, DOCK3, EPHA2, PSMB9, 
CORO1C, SFRP5, PPIF, P2RX7, RABEP2, CSRNP3, EPHA8, BBC3, CXCL13, DCP1A, TMLHE, IKBKG, RGS6, CYFIP2, ABL1, ABL2, PDZD3, COX11, CDC14B, UVRAG, LRRC15, RAB3IP, ACVR1C, 
STXBP5L, BAG4, TRIAP1, NOD1, GOPC, ZFYVE1, PPP2R1B, DENND6A, PARM1, ARHGEF2, BRCC3, ARHGEF1, NOS1AP, LIMK1, ARHGEF18, TP53, ARHGAP27, CAMSAP3, UBE2I, IL6R, 
UBN1, SERPINB8, CEMIP, MAP3K10, SORT1, SEMA4D, MAP3K13, PLA2G5, MAP3K11, SRGAP2, RIN3, SNX18, RTN4RL1, CYTH1, PPP1R12B, GPR65, PPP6R3, CYTH2, PSAPL1, SEC14L2, 
FEM1A, TRIB2, CALCA, PLEKHG2, ERCC6, MAP3K3, BCL2, PPP2CA, MAP3K1, PIK3R5, PAFAH1B1, RASA3, APC, EPO, COL4A3, TMBIM6, RAF1, AMBRA1, TP73, AJUBA, DIS3, PPP1R9B, 
SH3BP4, YWHAG, DUSP3, RPS6KA1, SYDE2, MAPK14, DPM2, PPP2R4, PERP, IGFBP3, DUSP7, DUSP6 
1.27210908 0.942799358 0.028206457 0.751700715 
GO:0007409~axonogenesis 49 3.502501787 3.85E-04 
ADCY1, PLXNA1, SHTN1, EFNA2, PIP5K1C, MBP, UNC5C, PHOX2B, LIMK1, VAX1, PTPRO, NUMBL, THY1, RND2, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, SEMA4D, SLITRK6, 
FGFR2, MEGF8, ACHE, ERBB3, ERBB2, BMPR2, BRSK2, SRF, BCL2, PAFAH1B1, DCLK1, FBXO45, APC, LRFN2, B4GAT1, NIN, CREB1, SMAD4, RUFY3, EPHA8, IST1, TENM2, SMURF1, 
BMPR1B, ABL1, LRP4, NFIB 
1.690381729 0.944834124 0.028279663 0.761180384 
GO:0043085~positive regulation of catalytic 
activity 
117 8.363116512 3.95E-04 
RASGEF1A, REST, ITSN2, GDNF, BAK1, DIRAS1, CDKN2A, MAP3K9, IFNG, RAPGEF5, ASPH, MAP2K7, EIF2B5, ADAM9, RET, MADD, VANGL2, PROX1, THY1, ARFGEF3, RASGRF2, SGSM2, 
RASGRF1, ARRB1, VEGFA, AKAP6, OPHN1, FGFR2, TNFAIP8L3, FGFR1, RALGPS2, ERBB4, ERBB3, ERBB2, DRD4, AKAP13, ITGB3, RASAL2, VDR, RASAL1, GMIP, SCARB1, TRAF6, IQSEC3, 
RAP1GAP2, IQSEC2, DVL3, SASH1, LAMTOR3, ABR, VAV3, ARHGEF39, TAOK1, ACER2, IL1RN, MUL1, UBE2L3, DOCK3, EPHA2, CORO1C, P2RX7, RABEP2, CXCL13, BBC3, EPHA8, DCP1A, 
IKBKG, RGS6, CYFIP2, ABL1, ABL2, CDC14B, RAB3IP, ACVR1C, STXBP5L, NOD1, DENND6A, ARHGEF2, PARM1, ARHGEF1, ARHGEF18, ARHGAP27, UBE2I, IL6R, MAP3K10, CEMIP, 
SEMA4D, MAP3K13, PLA2G5, MAP3K11, RIN3, SRGAP2, SNX18, CYTH1, GPR65, CYTH2, PSAPL1, SEC14L2, CALCA, PLEKHG2, ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, RASA3, EPO, 
1.367371676 0.94890339 0.028736256 0.781232113 
 253 
COL4A3, RAF1, AMBRA1, TP73, AJUBA, DIS3, MAPK14, PPP2R4, PERP, IGFBP3 
GO:0016310~phosphorylation 181 12.93781272 4.23E-04 
IMPAD1, HMGCR, FGF14, RBM4, ITPKB, PI4K2B, NLRC5, BAK1, DIRAS1, MYD88, CDKN2A, PIP5KL1, CSNK2A1, CDKN2B, MAP3K9, IFNG, RBCK1, CTDSP2, PELI2, TLK2, MAP2K7, ADAM9, 
CEP85, RET, CSNK1G1, MADD, VANGL2, PIK3CD, TAZ, SOCS4, PROX1, THY1, MARK2, GRB10, CCR5, ARRB1, VEGFA, CCR2, DLD, AKAP6, MVK, TNFAIP3, MAVS, FGFR2, TNFAIP8L3, 
FGFR1, ENPP1, ERBB4, ERBB3, PKHD1, ERBB2, PEAK1, DRD4, PHKA1, BMPR2, AKAP13, ADRBK1, EPHA10, MAPKAPK2, ITGB3, TK2, SH3BP5L, LIF, ECE1, AKT1S1, UBASH3B, FGB, 
TRAF6, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, IL1RN, SMAD4, MUL1, SMG1, SMAD2, EPHA2, CORO1C, GLYCTK, SFRP5, PPIF, P2RX7, CDC42BPG, EPHA8, ULK3, IKBKG, ABL1, ABL2, 
PIP4K2B, KCNH1, CDK19, PPARA, COX11, BCKDK, FGF9, DICER1, UVRAG, PIP5K1C, LRRC15, ACVR1C, BAG4, ADCK1, NOD1, MOB3A, CDK16, IP6K1, APLN, IPMK, ARHGEF2, LIMK1, 
PIK3C2B, TP53, CDK6, IL6R, ANKRD26, DDR1, KSR2, PANK1, SEMA4C, CEMIP, MAP3K10, KCNH8, SEMA4D, MAP3K13, KCNH3, KCNH4, PLA2G5, MAP3K11, RTN4RL1, FFAR4, BRSK2, 
HK2, MKNK2, COX7A2L, FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, SPEG, BCL2, MAP3K1, PPP2CA, UCK1, PIK3R5, PAFAH1B1, GK5, UCK2, PRKAA2, YES1, DCLK1, APC, EPO, 
PDK2, DGKQ, ALPK3, PDK3, CREB1, RAF1, AMBRA1, STAT3, SIRT2, TP73, ATXN1, AJUBA, PPP1R9B, DUSP3, RPS6KA1, MAPK12, ID1, MAPK14, IRF1, GDF11, BMPR1B, IGFBP3, LRP4, 
DUSP7, DUSP6 
1.268994219 0.958560861 0.030435282 0.83603175 
GO:0043087~regulation of GTPase activity 54 3.859899929 4.23E-04 
RASGEF1A, ITSN2, RAB3IP, STXBP5L, RAPGEF5, EIF2B5, DENND6A, ARHGEF2, ARHGEF1, STMN3, MADD, ARHGEF18, ARHGAP27, THY1, RASGRF2, SGSM2, ARFGEF3, RASGRF1, 
ARRB1, OPHN1, SEMA4D, RIN3, SRGAP2, SNX18, RALGPS2, CYTH1, ERBB2, GPR65, AKAP13, CYTH2, RASAL2, RASAL1, PLEKHG2, GMIP, PAFAH1B1, RASA3, RAP1GAP2, IQSEC3, 
IQSEC2, DVL3, LAMTOR3, VAV3, ABR, ARHGEF39, EPHA2, DOCK3, CORO1C, DIS3, AJUBA, SH3BP4, RABEP2, SYDE2, CXCL13, RGS6 
1.634441668 0.958641534 0.030165264 0.836541353 
GO:0071310~cellular response to organic 
substance 
178 12.72337384 4.95E-04 
HMGCR, FGF14, RBM4, RORA, REST, MMP2, GDNF, NLRC5, BAK1, EIF4EBP1, MYD88, CDKN2B, IFNG, CCBE1, LEPROT, ANKZF1, MAP2K7, MTUS1, ADAM9, PHOX2B, RET, STC2, 
CYP1A1, HNRNPA2B1, GRIN2A, LIFR, SOCS4, UBR2, NUMBL, SSTR5, CCR7, GRB10, SSTR3, CCR5, ARRB1, RASGRF1, VEGFA, CCR2, AKAP6, ADAMTS1, PRDM1, TNFAIP3, CD300LB, 
MAVS, FGFR2, FGFR1, SYVN1, IL22RA1, SLC38A9, ENPP1, ERBB3, ERBB2, PNPT1, ONECUT2, BMPR2, ELK1, MAPKAPK2, ITGB3, LIN28A, TRIM71, SRF, LIN28B, PPAT, NR2C1, VDR, 
AKT1S1, CRB2, FGB, SCARB1, HCN4, ENTPD1, TRAF6, HCN3, HCN1, MUC2, SASH1, TCF7, ESRRA, LAMTOR3, IL1F10, IL1RN, SMAD4, ESRRG, MUL1, SMAD2, SEPN1, UBE2L3, FURIN, 
PSMB9, HDAC5, NOTCH2, BFAR, P2RX4, P2RX7, EPHA8, OTUB1, CXCL13, GPR39, SMURF1, ABL1, ABL2, KLF3, CDK19, FGF5, PPARA, PDIA3, CPEB3, FGF9, CYP11B2, DICER1, DUOX1, 
RHOQ, LRRC15, ACVR1C, BAG4, NOD1, CSF2RB, YOD1, TNIP2, ANGPT2, GPC1, ARHGEF2, SOX11, TP53, PADI2, IL6R, ANKRD26, SMO, SLC26A6, UGT2B17, SORT1, UBE2W, MEGF8, 
RTN4RL1, FFAR4, PPM1A, NEO1, EDEM1, CDH5, CALCA, TNFRSF1B, FAT4, BCL2, IL10RA, MAP3K1, PPP2CA, AGO2, PAFAH1B1, PRKAA2, YES1, RNF121, EHD1, ACSL6, APC, PDK2, 
IL2RB, TNFSF4, BAIAP2L1, PDK3, CREB1, RAF1, STAT3, SIRT2, MICALL1, PPP1R9B, SH3BP4, YWHAG, ATXN3, ID1, MAPK14, IRF1, SP5, GAS2L1, ID3, BMPR1B, LRP4, TP53INP1, DUSP6 
1.269724315 0.976017359 0.034904151 0.978947739 
GO:0006811~ion transport 138 9.864188706 5.04E-04 
SLC22A13, FGF14, ATP1B4, REST, AQP6, GDNF, SLC7A6, SLC35A4, BAK1, ATP2B3, VPS4B, ASPH, SLC4A4, GRID1, SCN2B, STC2, PCTP, GRIN2A, THY1, CNGA2, RASGRF2, CCR5, 
RASGRF1, SLC37A2, ABAT, AKAP6, ADD2, TNFAIP8L3, FGFR1, PPME1, SLC38A9, ENPP1, KCNA1, DRD4, CACNB1, CACNB2, CACNB3, SFXN2, ITGB3, KCNA7, SLCO2A1, KCNS3, VDR, 
UBASH3B, SCARB1, HCN4, ENTPD1, HCN3, SLC31A1, GABRP, HCN1, IL1RN, SLC6A15, TOMM40, NIPA1, SLC6A17, SLCO2B1, ATP13A3, ANKH, PPIF, P2RX4, SLC4A10, P2RX7, P2RX6, 
KCNJ9, BBC3, GPR39, SLC7A1, SLC25A10, WDR1, ABL1, PDZD3, SCARA5, SLC46A1, CACNA1B, KCNH1, LRRC8A, LRRC8B, ATP10D, KCNJ12, KCNK10, KCNJ13, KCNIP3, SLC1A5, TRIAP1, 
SLC23A2, SLC24A2, KLHL24, ANO6, NIPAL4, NOS1AP, CACNG2, NRXN1, SLC26A6, CHRM5, SLC26A9, CEMIP, KCNH7, KCNH8, KCNH3, KCNH4, PLA2G5, SLC27A4, SLC39A11, SLC39A13, 
SLC35A5, ATP5G2, COX7A2L, SLC19A1, SEC14L1, GJC1, CALCA, TMEM37, BCL2, PPP2CA, SLC39A9, SLC39A8, SLC4A8, RASA3, MTMR6, SCN5A, ACSL6, APBA1, NFATC1, EPO, SLC8A2, 
SLC12A3, ASIC1, SLC17A7, SH3BP4, SLC16A6, SCN4B, SLC18A3, ABCC4, ATP6AP1L, CHRNA10, SCN4A, ABCC5 
1.320639551 0.977446785 0.035140159 0.994993803 
GO:0070647~protein modification by small 
protein conjugation or removal 83 5.932809149 5.04E-04 
BACH1, CDC14B, UBE2G1, BAP1, PHF23, SPRTN, KLHDC7B, MED20, OTUB2, CBFB, ZNRF3, CDKN2A, CTU1, TRIM9, USP12, RBCK1, KLHL24, YOD1, VCPIP1, BRCC3, LIMK1, HERC6, 
TAZ, UBE2J1, UBR2, UBE2I, SOCS4, RNF222, MIB1, ARRB1, UBE2W, TNFAIP3, KBTBD11, ASB4, FBXO10, ANAPC16, SYVN1, USP8, USP2, PPIL2, ASB11, COPS7B, ASB13, CBLL1, TRIM71, 
FEM1A, UBE2R2, AHRR, FBXW8, TRIM68, BCL2, MAP3K1, KLHL40, USP38, USP37, RNF168, UCK2, TRAF6, RNF121, FBXO45, APC, RNF144A, RNF144B, SASH1, RYBP, MUL1, UBOX5, 
UBE2L3, TRIM62, MARCH4, ATXN7L3, BFAR, ATXN3, AREL1, OTUB1, TCEB2, KLHL31, USP46, DNAJB2, SMURF1, ABL1, RNF40, USP45 
1.456212451 0.977534034 0.034852495 0.996005813 
GO:0007167~enzyme linked receptor protein 
signaling pathway 80 5.718370264 5.10E-04 
FGF5, FGF9, FGF14, EFNA2, RHOQ, ACVR1C, LNPEP, EIF4EBP1, JADE2, GAB2, CDKN2B, CCBE1, LEPROT, ATOH8, ANGPT2, GPC1, ADAM9, SGPL1, RET, SOX11, TP53, LIFR, SOCS4, 
PIGR, ANKRD26, DOK1, SS18, DDR1, GRB10, VEGFA, SORT1, FGFR2, MEGF8, FGFR1, ERBB4, ENPP1, ERBB3, ERBB2, ONECUT2, PPM1A, BMPR2, EPHA10, MAPKAPK2, NEO1, ITGB3, 
TRIM71, CDH5, LIF, AKT1S1, CRB2, FAT4, MAP3K1, YES1, PDK2, NTF4, BAIAP2L1, CREB1, SMAD4, RAF1, SMAD2, FURIN, EPHA2, SIRT2, STAT3, ATXN1, NOTCH2, EPHA8, ID1, CSRNP1, 
MAPK14, TRPS1, GDF11, SMURF1, ABL1, BMPR1B, RBM14, IGFBP3, PDZD3, ABL2, LRP4 
1.468358802 0.978426884 0.034897885 1.006593356 
GO:0034762~regulation of transmembrane 
transport 46 3.288062902 5.13E-04 
KCNH1, FGF14, DRD4, KCNA1, CACNB1, CACNB2, CACNB3, KCNJ12, KCNA7, KCNJ13, KCNIP3, KCNK10, KCNS3, OAZ2, TMEM37, BCL2, PPP2CA, KLHL24, ASPH, HCN4, SCN5A, HCN3, 
ANO6, ACSL6, EPO, HCN1, SCN2B, NOS1AP, GRIN2A, NRXN1, CACNG2, PPIF, P2RX7, SLC26A6, KCNJ9, RASGRF2, RASGRF1, SCN4B, KCNH7, AKAP6, KCNH8, WDR1, KCNH3, SCN4A, 
KCNH4, CACNA1B 
1.701702642 0.978981902 0.034814145 1.013397418 
GO:0031346~positive regulation of cell projection 
organization 
43 3.073624017 5.15E-04 MEGF8, RP1, FGFR1, ACHE, SHTN1, CPEB3, CRTC1, SYT2, BMPR2, RHOQ, ITSN2, SRF, LIF, RASAL1, PACSIN1, FBXW8, BHLHB9, PAFAH1B1, ACSL6, EPO, APC, RET, RAB8B, NIN, LIMK1, 
RREB1, MUL1, RUFY3, NUMBL, MARK2, CORO1C, RND2, FAM134C, P2RX7, IST1, TENM2, VEGFA, ADAMTS1, NEU1, SMURF1, SEMA4D, ABL1, ABL2 
1.739009683 0.97924978 0.034615756 1.01674577 
GO:0043065~positive regulation of apoptotic 
process 
62 4.431736955 5.26E-04 
CDK19, PDIA3, HMGCR, REST, MMP2, ACVR1C, BAK1, CASP6, CDKN2A, NOD1, MAP3K9, IFNG, RBCK1, UNC5C, CASP2, ANO6, MAP2K7, PPP2R1B, RET, BCL2L14, GRIN2A, TP53, JMY, 
PPP1CA, CCR5, ARRB1, MAP3K10, SPDEF, SORT1, MAP3K11, MCL1, CD248, VDR, PPP2CA, ALDH1A3, MAP3K1, NFATC4, BMF, PLAGL2, APC, B4GALT1, COL4A3, MUC2, CREB1, ACER2, 
MUL1, TP73, SIRT2, PPIF, NOTCH2, P2RX7, BRMS1, CSRNP3, BBC3, TRPS1, PPP2R4, ID3, BMPR1B, ABL1, IGFBP3, TP53INP1, DUSP6 
1.55996994 0.980997827 0.035074634 1.039715029 
GO:0010942~positive regulation of cell death 66 4.717655468 5.35E-04 
CDK19, LZTS2, PDIA3, HMGCR, REST, MMP2, ACVR1C, BAK1, CASP6, CDKN2A, NOD1, MAP3K9, IFNG, RBCK1, UNC5C, CASP2, ANO6, MAP2K7, PPP2R1B, RET, BCL2L14, GRIN2A, 
TP53, JMY, PPP1CA, CCR5, ARRB1, MAP3K10, SPDEF, SORT1, TXNRD1, MAP3K11, MCL1, CD248, ELK1, VDR, PPP2CA, ALDH1A3, MAP3K1, NFATC4, BMF, PLAGL2, APC, B4GALT1, 
COL4A3, MUC2, CREB1, ACER2, MUL1, TP73, SIRT2, PPIF, NOTCH2, P2RX7, BRMS1, CSRNP3, BBC3, TRPS1, IRF1, PPP2R4, ID3, BMPR1B, ABL1, IGFBP3, DUSP6, TP53INP1 
1.533910534 0.982195613 0.035327928 1.05670516 
GO:0072001~renal system development 40 2.859185132 5.35E-04 FRAS1, FGFR2, FGFR1, LZTS2, PKHD1, ITGB3, ENPEP, LIN28A, GDNF, PPAT, LIF, FAT4, BCL2, ALDH1A3, IFNG, OVOL1, STRA6, GCNT1, ANGPT2, APC, COL4A3, SGPL1, RET, PODXL, 
SOX11, VANGL2, SMAD4, SMAD2, TET2, PTPRO, PROX1, TP73, HDAC5, SMO, ID2, VEGFA, GDF11, ADAMTS1, ID3, LRP4 
1.778446996 0.98225266 0.035048237 1.057542542 
GO:0010628~positive regulation of gene 
expression 
157 11.22230164 5.38E-04 
RBM4, REST, RORA, GDNF, CBFB, NLRC5, BRPF1, MYD88, CDKN2A, IFNG, CCBE1, RBCK1, DHX33, ATOH8, ASPH, EIF2B5, PHOX2B, RET, PIK3CD, SECISBP2, SIX5, GRHL1, RNF222, 
PROX1, BCL2L12, HOXD9, SPAG8, CCR5, MTF1, ARRB1, VEGFA, SPDEF, PRDM1, MAVS, FGFR2, FGFR1, ERBB4, ERBB3, ELL, CRTC1, ERBB2, ONECUT2, BMPR2, ELK1, ITGB3, MYT1, 
LIN28A, SRF, LIF, PLAGL1, VDR, AHRR, TEF, TRAF6, RHEBL1, PLAGL2, NKX2-3, DVL3, IKZF4, ESRRA, KLF13, TAF8, WDR5, ARID3A, SMAD4, ESRRG, ARID3B, SMAD2, TET2, TRIM62, 
HDAC5, P2RX7, CSRNP3, EBF4, ETS1, TRPS1, CSRNP1, IKBKG, BACH1, PPARA, E2F3, PTGES2, CPEB3, FGF9, FOXK2, DICER1, RHOQ, RFXANK, ZBTB38, TRIAP1, LBH, MAZ, NOD1, 
SERTAD3, TNIP2, PSMD9, ARHGEF2, RAX, SOX11, TP53, PADI2, UBE2I, CDK6, IL6R, NFAM1, LPIN2, JMY, SMO, SS18, BTG2, SLC26A9, KPNA6, MAP3K13, EIF5A2, ABLIM3, PPM1A, 
ERCC6, REL, MAP3K1, POU2F2, POU2F1, HINFP, AGO2, NFATC4, YES1, ETV6, EPO, NFATC1, MAF, CEBPG, CREB1, RBM20, ELAVL1, RAF1, SIRT7, STAT3, ANKRD42, ATXN7L3, SIRT2, 
TP73, ATXN1, MEF2D, RPS6KA1, ID2, SP1, ID1, SP3, MAPK14, IRF1, TCEB2, SETD7, SP7, IRF4, RBM14, BMPR1B, NFIB, TP53INP1 
1.290292902 0.982558726 0.034893485 1.062081561 
GO:0007423~sensory organ development 64 4.574696212 5.89E-04 
RP1, FGF9, MYO7A, EFNA2, DICER1, GDNF, BAK1, TSPAN12, CASP6, ATP2B3, TMEM231, STRA6, CASP2, RS1, PHOX2B, RET, RAX, CYP1A1, SOX11, VANGL2, LRTOMT, SIX5, VAX1, 
PROX1, THY1, DDR1, VEGFA, PRDM1, SLITRK6, FGFR2, FGFR1, ACHE, ERBB3, ERBB2, DRD4, BMPR2, MAPKAPK2, SRF, LIF, ECE1, FAT4, BLOC1S3, BCL2, ALDH1A3, MYO15A, MAP3K1, 
POU2F1, PAFAH1B1, APC, MAF, HCN1, DVL3, NTF4, ABR, PCDH15, EPHA2, STAT3, SLC17A7, NOTCH2, SP1, SP3, GDF11, BMPR1B, CHRNA10 
1.539925869 0.988110952 0.037807099 1.162019244 
GO:0030324~lung development 32 2.287348106 6.20E-04 
FGFR2, FGFR1, FGF9, DICER1, BMPR2, SRF, LIF, EIF4EBP1, CCBE1, STRA6, FNDC3B, LIPA, TMBIM6, CREB1, SOX11, TBX4, VANGL2, HNRNPA2B1, SMAD2, SEPN1, PROX1, ATXN1, 
PPP1CA, SP1, SRSF6, ID1, SP3, VEGFA, SPDEF, ATXN1L, NCOR2, NFIB 
1.916853331 0.990624217 0.039455906 1.223901259 
GO:0000165~MAPK cascade 71 5.07505361 6.37E-04 
FGF9, FGF14, HMGCR, RBM4, ITPKB, DIRAS1, MYD88, NOD1, MAP3K9, PELI2, MAP2K7, ADAM9, RET, MADD, VANGL2, IL6R, ANKRD26, KSR2, CCR5, ARRB1, VEGFA, CCR2, MAP3K10, 
SEMA4C, MAP3K13, PLA2G5, MAP3K11, FGFR2, TNFAIP8L3, FGFR1, ERBB4, FFAR4, PKHD1, ERBB2, DRD4, MAPKAPK2, ITGB3, FEM1A, TRIB2, LIF, TNFRSF1B, ERCC6, ECE1, MAP3K3, 
FGB, MAP3K1, PAFAH1B1, TRAF6, APC, EPO, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, MUL1, RAF1, TP73, EPHA2, SFRP5, AJUBA, DUSP3, P2RX7, MAPK12, EPHA8, MAPK14, ABL1, 
IGFBP3, ABL2, DUSP7, DUSP6 
1.497012342 0.991721086 0.040146616 1.256305389 
GO:0098732~macromolecule deacylation 16 1.143674053 6.42E-04 TP53, PPT2, SIRT5, LYPLA2, PPT1, REST, SIRT7, SIRT2, HDAC5, ATXN3, BRMS1, TRPS1, VEGFA, RBM14, BAZ2A, NCOR2 2.72695206 0.992043045 0.040135965 1.266633831 
GO:0098602~single organism cell adhesion 76 5.432451751 6.47E-04 
PPARA, CD8A, VTCN1, PIP5K1C, ITPKB, RORA, CDKN2A, IFNG, NT5E, FNDC3B, ADAM9, DENND6A, CRTAM, RET, SIT1, RREB1, SLA2, FLOT2, TP53, CAMSAP3, CDK6, LIG4, NRXN1, 
THY1, CCR7, CCR5, VEGFA, CCR2, ABAT, SEMA4D, PLA2G2D, SRGAP2, TRIOBP, CD244, FUT7, ERBB2, PEAK1, CBLL1, ITGB3, SRF, CDH5, AZI2, MYL9, HSH2D, CALCA, FGB, UBASH3B, 
BCL2, TRAF6, GCNT1, LFNG, ZC3H12D, APC, NKX2-3, EPO, TCF7, TNFSF4, FIBP, PODXL, IL1RN, CORO1C, DUSP3, P2RX7, CXCL13, TENM2, CD59, SP3, ITGA7, IRF1, CYFIP2, TREML2, 
IRF4, PERP, ABL1, ABL2, SLC46A2 
1.47432774 0.992322238 0.040093655 1.275933533 
 254 
GO:0044712~single-organism catabolic process 101 7.219442459 6.53E-04 
CYP24A1, FGF14, VPS33A, MMP2, CDKN2A, LSM4, ANKZF1, DCTPP1, NUDT16, PHYHIP, SGPL1, CYP1A1, UBE2J1, TAT, ARRB1, ABAT, NEU1, PLA2G2D, UBA52, PACS2, ACHE, SYVN1, 
ENPP1, ANAPC15, KMO, PPT1, UBAC2, PPAT, DAGLA, GMIP, NAGA, ALDH4A1, ASRGL1, ENTPD3, SCARB1, ENTPD4, ENTPD1, FOXRED2, EPM2A, NPL, ACACB, FAM131B, P2RX7, 
MLYCD, PDE7A, GLS, DNAJB2, AGXT2, SMURF1, PIP4K2B, SEL1L, PPARA, BCKDK, LZTS1, MAN1B1, DUOX1, PHF23, PLCB3, NOD1, NT5M, YOD1, NT5E, SARDH, GPC1, ACADS, ZDHHC8, 
TP53, LPIN2, MMP11, ATG4D, TYSND1, CEMIP, TXNRD1, PLA2G5, SLC27A4, SNAP29, BCAT1, SORD, ABHD6, HK2, BRSK2, CALCOCO2, EDEM1, MTMR3, PAFAH1B1, PRKAA2, RNF121, 
APC, HAPLN1, PLA2G16, LIPA, AMBRA1, RPL28, SIRT2, STAT3, SLC35C1, ATXN3, IST1, LIPH, SVIP, TP53INP1 
1.386353145 0.992702741 0.040172922 1.289166108 
GO:0043068~positive regulation of programmed 
cell death 62 4.431736955 6.55E-04 
CDK19, PDIA3, HMGCR, REST, MMP2, ACVR1C, BAK1, CASP6, CDKN2A, NOD1, MAP3K9, IFNG, RBCK1, UNC5C, CASP2, ANO6, MAP2K7, PPP2R1B, RET, BCL2L14, GRIN2A, TP53, JMY, 
PPP1CA, CCR5, ARRB1, MAP3K10, SPDEF, SORT1, MAP3K11, MCL1, CD248, VDR, PPP2CA, ALDH1A3, MAP3K1, NFATC4, BMF, PLAGL2, APC, B4GALT1, COL4A3, MUC2, CREB1, ACER2, 
MUL1, TP73, SIRT2, PPIF, NOTCH2, P2RX7, BRMS1, CSRNP3, BBC3, TRPS1, PPP2R4, ID3, BMPR1B, ABL1, IGFBP3, TP53INP1, DUSP6 
1.546381351 0.992810727 0.039965915 1.293046995 
GO:0051241~negative regulation of multicellular 
organismal process 
103 7.362401716 6.66E-04 
HMGCR, TSPAN8, ITPKB, REST, MMP2, CDKN2A, IFNG, FNDC3B, PHOX2B, STC2, MADD, VAX1, PTPRO, THY1, MIB1, CCR5, ARRB1, CCR2, VEGFA, ABAT, TNFAIP3, PTGDR2, FGFR1, 
HMGB3, ERBB4, ENPP1, ERBB2, BMPR2, ADRBK1, LIN28A, SRF, LIF, HIST1H4A, FGB, UBASH3B, GORASP1, RAP1GAP2, LFNG, ABR, KLF13, MUL1, TRIM62, FURIN, EPHA2, CORO1C, 
HDAC5, SFRP5, P2RX4, P2RX7, SRSF6, CXCL13, GPR39, SMURF1, NRG3, DICER1, ANPEP, ACVR1C, MBP, APLN, ANGPT2, GPR173, ARHGEF2, SOX11, TP53, CDK6, IL6R, MBD1, LRPAP1, 
SMO, ANKRD26, SEMA4F, SEMA4C, SEMA4B, SEMA4D, PROS1, SRGAP2, FFAR4, USP2, CYTH2, TRIB2, STARD13, CALCA, REL, PPP2CA, BCL2, NFATC4, PAFAH1B1, NFATC1, APC, 
COL4A3, TNFSF4, TP73, SIRT2, RUFY3, STAT3, ID2, ID1, IRF1, GDF11, GAS2L1, ID3, LRP4, NFIB 
1.38071098 0.993341866 0.040248881 1.313023647 
GO:0002520~immune system development 89 6.361686919 6.68E-04 
CD8A, LRRC8A, EFNA2, DICER1, ITPKB, REST, RORA, VPS33A, CBFB, BAK1, CDKN2A, GAB2, CDKN2B, IFNG, RBFOX2, SGPL1, RET, BATF2, TTC7A, HERC6, TAZ, TP53, CDK6, LIG4, 
NFAM1, DCLRE1C, CCR7, VEGFA, CCR2, CD300LF, PRDM1, ATXN1L, TNFAIP3, PLA2G2D, ADD2, SPTB, FGFR2, HMGB3, FUT7, ERBB2, CD248, MKNK2, SRF, AZI2, CALCA, LIF, HIST1H4A, 
UBASH3B, BCL2, POU2F2, SH2B3, RNF168, PAFAH1B1, ETV6, TRAF6, NBEAL2, LFNG, APC, NFATC1, NKX2-3, EPO, ZBTB7A, ESRRA, TCF7, TNFSF4, WDR7, KLF13, JARID2, CREB1, 
CEBPG, RAF1, TET2, EPHA2, PSMB9, HOXB3, NOTCH2, SP1, ID2, CXCL13, ETS1, MAPK14, SP3, IRF1, GAS2L1, SP7, IRF4, ABL1, ABL2, SLC46A2 
1.422062891 0.993468651 0.04007833 1.318027074 
GO:0043547~positive regulation of GTPase 
activity 
49 3.502501787 6.88E-04 
RASGEF1A, ITSN2, RAB3IP, STXBP5L, RAPGEF5, EIF2B5, DENND6A, ARHGEF2, ARHGEF1, MADD, ARHGEF18, ARHGAP27, THY1, RASGRF2, SGSM2, ARFGEF3, RASGRF1, ARRB1, 
OPHN1, SEMA4D, SRGAP2, RIN3, SNX18, RALGPS2, CYTH1, ERBB2, GPR65, AKAP13, CYTH2, RASAL2, RASAL1, PLEKHG2, GMIP, RAP1GAP2, IQSEC3, RASA3, IQSEC2, DVL3, LAMTOR3, 
VAV3, ABR, ARHGEF39, DOCK3, EPHA2, DIS3, CORO1C, RABEP2, CXCL13, RGS6 
1.646733374 0.994369623 0.040910419 1.356648724 
GO:0055085~transmembrane transport 115 8.220157255 6.95E-04 
SLC22A13, FGF14, REST, AQP6, SLC7A6, BAK1, ATP2B3, ASPH, SLC4A4, FLVCR2, GRID1, SCN2B, GRIN2A, CNGA2, RASGRF2, RASGRF1, SLC37A2, AKAP6, SLC38A9, KCNA1, DRD4, 
CACNB1, CACNB2, CACNB3, SFXN2, KCNA7, KCNS3, OAZ2, BLOC1S3, SCARB1, HCN4, SLC28A2, SLC28A1, SLC31A1, HCN3, GABRP, HCN1, RAB8B, TOMM40, SLC6A15, NIPA1, 
SLC6A17, CYB561, ANKH, PPIF, P2RX4, P2RX7, SLC4A10, P2RX6, KCNJ9, SLC25A10, SLC7A1, WDR1, SLC46A3, SCARA5, SLC46A1, CACNA1B, SLC46A2, SLC45A3, KCNH1, LRRC8A, 
LRRC8B, TIMM17B, KCNJ12, KCNK10, KCNJ13, KCNIP3, SLC1A5, SLC23A2, SLC24A2, STRA6, KLHL24, ANO6, NIPAL4, NOS1AP, CACNG2, NRXN1, SLC26A6, SLC26A9, KCNH7, KCNH8, 
KCNH3, KCNH4, PRF1, SLC39A11, SLC39A13, MFSD14B, ATP5G2, COX7A2L, GJC2, SLC19A1, GJC1, TMEM37, BCL2, TAP2, PPP2CA, SLC39A9, SLC39A8, SLC4A8, MTMR6, SCN5A, 
ACSL6, EPO, SLC8A2, SLC12A3, ASIC1, SLC17A7, SLC16A6, SCN4B, SLC18A3, ABCC4, ATP6AP1L, CHRNA10, SCN4A, ABCC5 
1.351721926 0.994664922 0.041003271 1.370662129 
GO:0060341~regulation of cellular localization 120 8.577555397 6.99E-04 
FGF14, HMGCR, VTCN1, FAM20B, RBM4, REST, BAK1, CDKN2A, GAB2, IFNG, VPS4B, RBCK1, ASPH, LEPROT, ADAM9, CRTAM, MADD, UBE2J1, DCTN1, BTBD9, THY1, SSTR5, CCR7, 
CCR5, ARRB1, DTWD2, CCR2, VEGFA, ABAT, AKAP6, UBL4B, MYO18A, MAVS, FGFR1, ERBB4, ERBB2, DRD4, ADRBK1, ASTN2, ITGB3, MYT1, UBAC2, OAZ2, LIF, FGB, UBASH3B, STX18, 
RNF168, SH3TC2, TRAF6, ENTPD1, PLAGL2, B4GALT1, DVL3, ABR, RAB8B, IL1RN, SMAD4, MUL1, UBE2L3, EPHA2, SFRP5, P2RX4, P2RX7, BBC3, GPR39, ABL1, ABL2, CACNA1B, LZTS2, 
TACR1, RHOQ, BAP1, LRRC15, ACVR1C, STXBP5L, BAG4, TRIM9, RASL10B, YOD1, CDK16, APLN, PSMD9, STX6, SOX11, ZDHHC8, NRXN1, SMO, HHAT, CEMIP, CD244, RAB3D, FFAR4, 
ABLIM3, BRSK2, PPM1A, NEO1, EDEM1, CALCA, BCL2, PPP2CA, SYN2, EHD1, DCLK1, APC, EPO, TNFSF4, TMBIM6, CREB1, LRRC46, ASIC1, APPL1, RPL28, SIRT2, RUFY3, PPP1R9B, 
MAPK14, SVIP, SNX33, LRP4 
1.341123964 0.994830446 0.040924488 1.378859395 
GO:0080134~regulation of response to stress 118 8.43459614 7.11E-04 
MASP1, FGF14, HMGCR, PGC, TSPAN8, RORA, MMP2, NLRC5, BAK1, MYD88, CDKN2A, SCLY, LSM4, MAP2K7, NUDT16, PHYHIP, CRTAM, RREB1, VANGL2, UBE2J1, BCL2L12, CCR7, 
CCR5, CCR2, VEGFA, ABAT, MVK, TNFAIP3, UBA52, MAVS, SYVN1, MCL1, PNPT1, MAPKAPK2, UBAC2, GMIP, FGB, UBASH3B, PVRL2, RNF168, TRAF6, DVL3, SASH1, ABR, TAOK1, 
EPM2A, IL1RN, MUL1, TRIL, FAM131B, SFRP5, BFAR, ETS1, OTUB1, SRSF6, CD59, IKBKG, SMURF1, ABL1, SCARA5, PIP4K2B, ARMT1, CDK19, PPARA, LZTS1, PHF23, TRIAP1, LBH, 
NOD1, YOD1, TNIP2, NT5E, ANO6, BRCC3, FLOT2, ZDHHC8, TP53, CDK6, MAP3K10, SEMA4C, PROS1, MAP3K11, FFAR4, HK2, CALCOCO2, FAM46A, FEM1A, EDEM1, SEC14L1, 
MTMR3, TNFRSF1B, ERCC6, MAP3K3, MAP3K1, TAP2, PAFAH1B1, PRKAA2, EPO, HAPLN1, TNFSF4, CEBPG, TMBIM6, KLK5, AMBRA1, RPL28, SIRT2, TP73, ANKRD42, AJUBA, SLC35C1, 
DUSP3, ATXN3, MAPK14, IST1, IRF1, SETD6, SVIP, IRF4 
1.343951314 0.995265943 0.041273456 1.401744727 
GO:0043632~modification-dependent 
macromolecule catabolic process 57 4.074338813 7.15E-04 
UBE2G1, PPP2R5C, MAN1B1, BAP1, ZNRF3, CDKN2A, TRIM9, USP12, VPS4B, RBCK1, TLK2, YOD1, ANKZF1, PSMD7, HERC6, UBE2J1, UBE2I, SOCS4, UBR2, RNF222, ARRB1, DIS3L2, 
UBE2W, TNFAIP3, FBXO10, SYVN1, USP8, USP2, ANAPC15, PNPT1, EDEM1, TRIB2, UBE2R2, MAP3K1, KLHL40, USP38, USP37, RNF168, RNF121, VPS36, FBXO45, APC, RNF144A, 
RNF144B, FOXRED2, UBE2L3, SIRT2, BFAR, ATXN3, PSMD13, AREL1, USP46, DNAJB2, SVIP, SMURF1, RNF40, USP45 
1.575367575 0.995394507 0.041163971 1.408903518 
GO:0010586~miRNA metabolic process 7 0.500357398 7.23E-04 PNPT1, DICER1, DIS3L2, AGO2, LIN28A, TRIM71, LIN28B 5.895028719 0.995669667 0.04130942 1.424919564 
GO:0042981~regulation of apoptotic process 132 9.435310936 7.36E-04 
HMGCR, ITPKB, REST, MMP2, GDNF, BAK1, CSNK2A1, CDKN2A, BHLHB9, MAP3K9, IFNG, ROBO4, RBCK1, UNC5C, MAP2K7, RET, BCL2L14, MADD, GRIN2A, LIFR, LIG4, BCL2L13, 
BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FBXO10, FGFR2, FGFR1, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, TAF9B, BCL2L2, PPT1, VDR, AKT1S1, 
FGB, TRAF6, BMF, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, IL1RN, MUL1, PPIF, NOTCH2, BFAR, P2RX7, SARM1, CSRNP3, ETS1, BBC3, CD59, TRPS1, IKBKG, 
ABL1, ABL2, SLC46A2, CDK19, IER3IP1, PDIA3, DICER1, ACVR1C, KCNIP3, TRIAP1, CASP6, DIP2A, NOD1, FAM129B, TNIP2, CASP2, ANO6, PPP2R1B, NOS1AP, TP53, JMY, SMO, 
AMIGO2, BTG2, THOC6, MAP3K10, SORT1, KCNH8, MAP3K11, FFAR4, CD248, HSH2D, TNFRSF1B, MAP3K3, BCL2, MAP3K1, ALDH1A3, PPP2CA, NFATC4, PRKAA2, APC, EPO, COL4A3, 
IL2RB, TMBIM6, CREB1, SIRT5, RAF1, AMBRA1, SIRT2, TP73, STAT3, BRMS1, RPS6KA1, AREL1, ID1, GDF11, PPP2R4, ID3, BMPR1B, IGFBP3, DUSP6, TP53INP1 
1.317836665 0.996077211 0.041727132 1.450610859 
GO:0045934~negative regulation of nucleobase-
containing compound metabolic process 126 9.006433167 7.47E-04 
REST, CBX7, IGHMBP2, NLRC5, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SECISBP2, SIX5, UBR2, VAX1, PROX1, FOXN3, HOXD9, ARRB1, VEGFA, 
HES2, SPDEF, AKAP6, PRDM1, ATXN1L, ST18, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, DRD4, BMPR2, SRF, NR2C1, VDR, AHRR, OVOL1, RNF168, ENTPD1, TRAF6, IKZF4, TCF7, ESRRA, 
RFX5, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, TRIM62, HDAC5, SFRP5, PPIF, HOXB3, NOTCH2, OTUB1, SRSF6, MLX, TRPS1, TDG, DDX54, PDZD3, NCOR2, DNAJB5, BACH1, PPARA, 
ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, BAG4, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, MBD1, MXD4, SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, 
CALCA, REL, PPP2CA, POU2F1, HINFP, NFATC4, ETV6, BAZ2A, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, JARID2, TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, STAT3, AJUBA, ATXN1, 
SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, RNF40, NFIB 
1.328334895 0.996403853 0.042051259 1.473203055 
GO:0030323~respiratory tube development 32 2.287348106 7.66E-04 FGFR2, FGFR1, FGF9, DICER1, BMPR2, SRF, LIF, EIF4EBP1, CCBE1, STRA6, FNDC3B, LIPA, TMBIM6, CREB1, SOX11, TBX4, VANGL2, HNRNPA2B1, SMAD2, SEPN1, PROX1, ATXN1, 
PPP1CA, SP1, SRSF6, ID1, SP3, VEGFA, SPDEF, ATXN1L, NCOR2, NFIB 
1.893090686 0.996872686 0.042752972 1.509491712 
GO:0051172~negative regulation of nitrogen 
compound metabolic process 
134 9.578270193 7.70E-04 
RBM4, REST, CBX7, IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, EIF2B5, SCRT2, RBFOX2, RREB1, HNRNPA2B1, SECISBP2, SIX5, UBR2, VAX1, PROX1, FOXN3, 
HOXD9, ARRB1, VEGFA, HES2, SPDEF, AKAP6, MVK, PRDM1, ST18, ATXN1L, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, DRD4, BMPR2, TRIM71, SRF, NR2C1, VDR, AHRR, OVOL1, 
RNF168, ENTPD1, TRAF6, IKZF4, TCF7, ESRRA, RFX5, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, TRIM62, HDAC5, SFRP5, PPIF, HOXB3, NOTCH2, OTUB1, SRSF6, MLX, TRPS1, TDG, 
DDX54, PDZD3, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, BAG4, HIF1AN, PCGF6, HOMEZ, SLA2, SOX11, TP53, UBE2I, MBD1, MXD4, 
SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, PPP2CA, POU2F1, HINFP, AGO2, NFATC4, UNK, ETV6, BAZ2A, ZC3H12D, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, JARID2, 
TMBIM6, CEBPG, CREB1, SIRT7, STAT3, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, ID3, RNF40, NFIB 
1.312182472 0.996962379 0.042647928 1.517049646 
GO:0009100~glycoprotein metabolic process 39 2.787705504 8.11E-04 
IMPAD1, SYVN1, MAMDC2, GALNT7, ALG1, FUT7, B3GALT4, BMPR2, MAN1B1, ST8SIA3, NECAB3, EDEM1, ST6GALNAC6, GORASP1, BCL2, B3GALNT2, CCDC126, FUT4, FUT1, 
B4GALT6, GCNT1, GPC1, GALNT14, B4GALNT1, B4GALT1, MGAT4A, ST6GAL1, B4GAT1, ACER2, VANGL2, UBE2J1, MAN1A1, TET2, PORCN, CCR7, ST8SIA4, DPM2, POFUT2, ALG12 
1.755796963 0.997769163 0.044540141 1.59719048 
GO:0016579~protein deubiquitination 18 1.28663331 8.30E-04 BRCC3, USP8, USP2, BAP1, OTUB2, ATXN7L3, ATXN3, OTUB1, USP38, USP12, USP46, USP37, DNAJB2, UCK2, YOD1, TNFAIP3, USP45, VCPIP1 2.477855478 0.998066227 0.045228821 1.63426744 
GO:0031324~negative regulation of cellular 
metabolic process 
199 14.22444603 8.65E-04 
MASP1, REST, BAK1, PGP, IFNG, TLK2, EIF2B5, PPP1R37, RREB1, UBR2, PROX1, BCL2L12, RNF222, THY1, GRB10, ARFGEF3, HES2, VEGFA, ST18, PRDM1, ATXN1L, ENPP1, ELL, TAF9B, 
LIF, SH3BP5L, AHRR, UBASH3B, IKZF4, ESRRA, TCF7, ACER2, SMAD4, RYBP, KLF16, SMAD2, ACACB, SFRP5, NOTCH2, CSRNP3, SRSF6, TRPS1, CD59, MLX, NCOR2, BACH1, PPARA, 
ZBTB33, COX11, LZTS1, FGF9, CPEB3, PHF23, LRRC15, ZBTB38, KCNIP3, FOXS1, TRIAP1, BAG4, HIF1AN, ZFYVE1, TP53, MBD1, MXD4, ANKRD26, SERPINB8, MAP3K10, SEMA4D, 
USP2, HK2, FEM1A, PPP2CA, BCL2, AGO2, UNK, ETV6, BAZ2A, JARID2, STAT3, TP73, SNAI3, DUSP3, BRMS1, RPS6KA1, TENM2, PPP2R4, SVIP, DUSP7, DUSP6, HMGCR, RBM4, CBX7, 
IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, CSNK2A1, CDKN2B, RBCK1, CTDSP2, ATOH8, SCRT1, SCRT2, RBFOX2, CEP85, HNRNPA2B1, SECISBP2, SIX5, SOCS4, VAX1, FOXN3, HOXD9, 
1.234394786 0.998514674 0.046754919 1.702684902 
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ARRB1, SPDEF, OPHN1, AKAP6, MVK, TNFAIP3, FGFR2, FGFR1, PKHD1, ANAPC15, DRD4, BMPR2, ITGB3, SRF, TRIM71, NR2C1, VDR, AKT1S1, CRB2, OVOL1, RNF168, ENTPD1, TRAF6, 
RFX5, MYO1D, SUV39H1, FURIN, TRIM62, CORO1C, HOXB3, HDAC5, PPIF, P2RX7, OTUB1, TDG, DNAJB2, DDX54, ABL1, PDZD3, DNAJB5, DICER1, PCGF6, HOMEZ, LIMK1, SOX11, 
SLA2, CAMSAP3, UBE2I, UBN1, SMO, BTG2, LCOR, RTN4RL1, TRIB2, CALCA, REL, POU2F1, HINFP, KLHL40, PAFAH1B1, NFATC4, ZC3H12D, EPO, NFATC1, APC, MAF, ZBTB7A, TNFSF4, 
TMBIM6, CEBPG, CREB1, SIRT5, SIRT7, SIRT2, ATXN1, AJUBA, PPP1R9B, ID2, ID1, SP3, KDM4B, IRF1, SETD6, ID3, IGFBP3, RNF40, NFIB 
GO:0018193~peptidyl-amino acid modification 99 7.076483202 8.79E-04 
METTL21A, BAK1, BRPF1, TAF5L, CDKN2A, BRPF3, IFNG, TLK2, ASPH, MAP2K7, RET, CSNK1G1, TADA2B, UBE2J1, NAA25, SOCS4, RNF222, THY1, ARRB1, VEGFA, ASPHD1, FGFR2, 
FGFR1, SYVN1, MAMDC2, ERBB4, ERBB3, ERBB2, PPIL2, PEAK1, ADRBK1, ITGB3, MAPKAPK2, LIF, SH3BP5L, AHRR, ZDHHC9, ST6GAL1, KANSL2, WDR5, SUV39H1, SMAD4, SMG1, 
MUL1, TET2, EPHA2, PPIF, HDAC5, EPHA8, MSL1, ARF3, NAA60, ABL1, ABL2, DPH2, PHF20, ST6GALNAC6, BAG4, JADE2, HIF1AN, ARHGEF2, KMT5C, NOS1AP, ZDHHC7, TP53, PADI2, 
UBE2I, IL6R, DDR1, MAP3K10, CEMIP, SEMA4D, MAP3K11, RAB3D, MKNK2, BRSK2, ERCC6, MAP3K1, BCL2, PRKAA2, YES1, BAZ2A, DCLK1, EPO, PDK2, JARID2, PDK3, SIRT5, RAF1, 
SIRT2, MAPK12, MAPK14, IRF1, KDM4B, SETD6, SETD7, PPP2R4, IRF4, LRP4 
1.380071405 0.99866143 0.047145525 1.729649045 
GO:0046649~lymphocyte activation 65 4.64617584 9.00E-04 
CD8A, LRRC8A, VTCN1, TACR1, ITPKB, RORA, CBFB, BAK1, MYD88, CDKN2A, IFNG, TNIP2, CRTAM, SIT1, SLA2, SOX11, FLOT2, PIK3CD, TP53, CDK6, LIG4, NFAM1, THY1, DCLRE1C, 
CCR7, CCR2, PRDM1, TNFAIP3, PLA2G2D, PRF1, CD244, HMGB3, FUT7, ERBB2, SRF, AZI2, HSH2D, BLOC1S3, BCL2, POU2F2, RNF168, TRAF6, LFNG, ZC3H12D, NKX2-3, EPO, NFATC1, 
APC, IL2RB, TCF7, VAV3, TNFSF4, CEBPG, NOTCH2, DUSP3, P2RX7, ID2, CD59, SP3, IRF1, TREML2, IRF4, ABL1, ABL2, SLC46A2 
1.508221054 0.998856768 0.047900945 1.770520141 
GO:0009605~response to external stimulus 205 14.6533238 9.37E-04 
CYP24A1, MASP1, VTCN1, PGC, EFNA2, RORA, VPS33A, BAK1, MYD88, IFNG, LSM4, ADAM9, STC2, CYP1A1, PIK3CD, GRIN2A, PROX1, PTPRO, PPP1CA, CCR7, SSTR3, CCR5, CCR2, 
VEGFA, ABAT, ADAMTS1, PRDM1, BIN2, ADAMTS4, CRTC1, ERBB2, UBASH3B, CKLF, SASH1, ST6GAL1, ABR, SCD, IL1RN, EPM2A, SMAD4, PCDH15, ACACB, FAM131B, EPHA2, 
NOTCH2, ETS1, EPHA8, CD59, SMURF1, KCNH1, PPARA, LZTS1, PDIA3, CRCP, PHF23, MMP28, NOD1, STRA6, NT5E, ANGPT2, BATF2, ZDHHC8, TP53, IL6R, MBD1, SEMA4F, SEMA4C, 
SEMA4B, SEMA4D, SLC27A4, SNAP29, PRF1, MEGF8, SORD, FFAR4, USP2, HK2, FAM46A, FEM1A, SEC14L1, MTMR3, BCL2, IL10RA, PRKAA2, ACSL6, PDK2, HAPLN1, SLC8A2, 
BAIAP2L1, AMBRA1, RPL28, ANKRD42, IST1, TENM2, MAPK14, USP46, GAS2L1, ABCC5, TP53INP1, PLXNA1, IL16, HMGCR, FGF14, RBM4, TSPAN8, MMP2, NLRC5, CDKN2A, CDKN2B, 
UNC5C, MTUS1, PHYHIP, VAX1, ARRB1, MVK, SLITRK6, TNFAIP3, CD300LB, PTGDR2, UBA52, MAVS, PACS2, FGFR1, IL22RA1, KCNA1, BMPR2, MAPKAPK2, ITGB3, SRF, VDR, ECE1, 
GMIP, BLOC1S3, FGB, SCARB1, ENTPD1, TRAF6, MUC2, VAV3, B4GAT1, MUL1, HDDC3, PSMB9, HDAC5, ITGA9, P2RX7, CXCL13, GPR39, ABL1, SCARA5, MUC5B, PIP4K2B, CDK19, 
NRG3, CD8A, TACR1, CYP11B2, DICER1, TTPA, PIP5K1C, ACVR1C, GSS, LBH, ANO3, CSF2RB, TNIP2, ANO6, CASP2, LOXL1, RS1, ACADS, PADI2, CDK6, NRXN1, SMO, UGT2B17, ATG4D, 
BTG2, PROS1, CALCOCO2, CALCA, TNFRSF1B, TAP2, ALDH1A3, MAP3K1, BDH1, DCLK1, EPO, TNFSF4, CREB1, KLK5, RAF1, SIRT5, DPYSL4, SUN1, SIRT2, SLC35C1, ID2, SETD6, IRF1, 
IRF4, ALOX5, BMPR1B, CHRNA10, NFIB 
1.227984165 0.999136962 0.049489215 1.843325704 
GO:0042391~regulation of membrane potential 43 3.073624017 9.58E-04 
KCNH1, FGF14, CRTC1, TACR1, KCNA1, DRD4, HSH2D, KCNK10, BAK1, CDKN2A, BCL2, IFNG, HCN4, SCN5A, HCN3, HCN1, SCN2B, NOS1AP, IL1RN, GRIN2A, MUL1, ASIC1, NRXN1, 
CACNG2, CNGA2, SLC17A7, ATXN1, P2RX4, P2RX7, SLC26A6, GPR39, SLC26A9, DLD, SCN4B, KCNH7, AKAP6, ABAT, KCNH8, WDR1, KCNH3, KCNH4, SCN4A, CACNA1B 1.686601172 0.999265932 0.050243217 1.885213963 
GO:0006486~protein glycosylation 29 2.072909221 9.70E-04 
SYVN1, GALNT7, FUT7, ALG1, B3GALT4, MAN1B1, ST8SIA3, EDEM1, ST6GALNAC6, GORASP1, B3GALNT2, CCDC126, FUT4, FUT1, B4GALT6, B4GALNT1, GALNT14, B4GALT1, MGAT4A, 
ST6GAL1, B4GAT1, ACER2, UBE2J1, MAN1A1, TET2, ST8SIA4, DPM2, POFUT2, ALG12 1.94008622 0.999326967 0.05048068 1.907672258 
GO:0043413~macromolecule glycosylation 29 2.072909221 9.70E-04 
SYVN1, GALNT7, FUT7, ALG1, B3GALT4, MAN1B1, ST8SIA3, EDEM1, ST6GALNAC6, GORASP1, B3GALNT2, CCDC126, FUT4, FUT1, B4GALT6, B4GALNT1, GALNT14, B4GALT1, MGAT4A, 
ST6GAL1, B4GAT1, ACER2, UBE2J1, MAN1A1, TET2, ST8SIA4, DPM2, POFUT2, ALG12 1.94008622 0.999326967 0.05048068 1.907672258 
GO:0043410~positive regulation of MAPK 
cascade 
51 3.645461044 9.86E-04 
FGF9, HMGCR, DIRAS1, MYD88, NOD1, MAP3K9, PELI2, MAP2K7, ADAM9, MADD, VANGL2, IL6R, KSR2, ARRB1, CCR2, VEGFA, MAP3K10, SEMA4C, MAP3K13, PLA2G5, MAP3K11, 
FGFR2, FGFR1, TNFAIP8L3, ERBB4, FFAR4, ERBB2, DRD4, ITGB3, LIF, TNFRSF1B, ERCC6, MAP3K3, FGB, MAP3K1, TRAF6, EPO, SASH1, DVL3, LAMTOR3, TAOK1, IL1RN, RAF1, MUL1, 
TP73, AJUBA, P2RX7, EPHA8, ABL1, ABL2, IGFBP3 
1.601187312 0.999405722 0.050966332 1.939859472 
GO:0006511~ubiquitin-dependent protein 
catabolic process 55 3.931379557 9.87E-04 
UBE2G1, PPP2R5C, MAN1B1, BAP1, ZNRF3, CDKN2A, TRIM9, USP12, VPS4B, RBCK1, TLK2, YOD1, ANKZF1, PSMD7, HERC6, UBE2J1, UBE2I, SOCS4, UBR2, RNF222, ARRB1, UBE2W, 
TNFAIP3, FBXO10, USP8, SYVN1, USP2, ANAPC15, EDEM1, TRIB2, UBE2R2, MAP3K1, KLHL40, USP38, USP37, RNF168, RNF121, VPS36, FBXO45, APC, RNF144A, RNF144B, FOXRED2, 
UBE2L3, SIRT2, BFAR, ATXN3, PSMD13, AREL1, USP46, DNAJB2, SVIP, SMURF1, RNF40, USP45 
1.568540652 0.999407783 0.050642172 1.940758114 
GO:0019637~organophosphate metabolic 
process 92 6.576125804 0.001003375 
PPARA, ADCY1, IMPAD1, CDIPT, HMGCR, RHOQ, PIP5K1C, RORA, PI4K2B, CDS2, PLCB3, PGP, PIP5KL1, NT5M, IFNG, IP6K1, IPMK, NT5E, DCTPP1, PGAP3, NUDT16, PIK3C2B, TAZ, 
PIK3CD, TP53, PMM2, LPCAT4, CHRM5, ARRB1, PANK1, H6PD, RRM2, DLD, VEGFA, AKAP6, TXNRD1, MVK, PLA2G2D, PLA2G5, TNFAIP8L3, CD244, ERBB4, ENPP1, MRAP, ABHD6, 
PTH1R, PHKA1, DRD4, HK2, GPR65, ABHD3, KMO, ATP5G2, COX7A2L, PPCDC, TK2, PPAT, PFAS, CALCA, MTMR3, THTPA, ECE1, FMO2, ENTPD3, UCK1, PIK3R5, SCARB1, UCK2, PRKAA2, 
ENTPD4, TSTA3, MTMR6, ENTPD1, ACSL6, MOCS1, PLA2G16, VAV3, SMG1, HDDC3, ACACB, AMBRA1, STAT3, ACPP, AJUBA, PPIF, P2RX7, PDE7A, EPHA8, MLYCD, DPM2, PDZD3, 
PIP4K2B 
1.393775497 0.999477139 0.051120604 1.972962972 
GO:0070085~glycosylation 30 2.144388849 0.001010906 
SYVN1, GALNT7, FUT7, ALG1, B3GALT4, MAN1B1, ST8SIA3, EDEM1, ST6GALNAC6, GORASP1, B3GALNT2, CCDC126, FUT4, FUT1, B4GALT6, B4GALNT1, GALNT14, B4GALT1, MGAT4A, 
ST6GAL1, B4GAT1, ACER2, UBE2J1, MAN1A1, TET2, SLC35C1, ST8SIA4, DPM2, POFUT2, ALG12 1.908866442 0.999505981 0.051148539 1.987630509 
GO:0008104~protein localization 185 13.22373124 0.001013356 
VTCN1, HMGCR, FAM20B, RBM4, REST, VPS33A, PACSIN1, CDKN2A, IFNG, RBCK1, LEPROT, ASPH, SAR1B, ADAM9, CRTAM, BSG, TTC7A, MADD, VANGL2, UBE2J1, GRIN2A, DCTN1, 
SSTR5, CCR7, CCR5, ARRB1, DTWD2, VEGFA, UBL4B, AKAP6, ABAT, BIN3, TNFAIP3, TNFAIP2, MYO18A, FRAS1, MAVS, PACS2, SYVN1, ERBB4, MRAP, RTP1, ERBB2, COPZ1, DRD4, 
PPIL2, KCNA1, CACNB1, AKAP13, PPT1, ASTN2, MYT1, UBAC2, LIF, OAZ2, STX18, GORASP1, BLOC1S3, FGB, RNF168, SCARB2, SH3TC2, SLC28A2, TRAF6, DDX42, PLAGL2, SEC61A2, 
HCN1, DVL3, LAMTOR3, RAB8B, TAF8, IL1RN, SMAD4, TOMM40, SMAD2, UBE2L3, EPHA2, CORO1C, SFRP5, NOTCH2, P2RX7, RABEP2, PLEKHA8, BBC3, GPR39, DCP1A, ARF3, IKBKG, 
SMURF1, ABL1, ABL2, SEL1L, LZTS2, HPS6, FGF9, MYO7A, TIMM17B, RHOQ, PIP5K1C, BAP1, LRRC15, RAB3IP, KCNIP3, ACVR1C, STXBP5L, BAG4, DNAJC14, RAB6B, CNTNAP1, YOD1, 
CDK16, FAM83H, PSMD9, STX6, FLOT2, ZDHHC8, TP53, PIGR, NRXN1, CHAMP1, SMO, DGAT1, ATG4D, ARCN1, HHAT, CEMIP, GRIP2, KPNA6, SORT1, SNAP29, SNX18, CD244, FFAR4, 
RAB3D, ABLIM3, BRSK2, PPM1A, HK2, ZDHHC18, NEO1, EDEM1, RAB43, NUP210, PPP2CA, TAP2, POU2F2, HINFP, PAFAH1B1, SNX24, EHD1, VPS36, DCLK1, APBA1, APC, SPRN, 
TNFSF4, SNX27, TMBIM6, TSPAN14, LRRC46, RAF1, SUN1, APPL1, TMED9, STAT3, RUFY3, SIRT2, RPL28, MICALL1, AJUBA, PPP1R9B, SH3BP4, YWHAG, ATXN3, RAB37, CEP68, 
MAPK14, IST1, RAB22A, SVIP, SNX33, PES1, GGA2, LRP4 
1.242868226 0.999515017 0.050927265 1.992401689 
GO:0010976~positive regulation of neuron 
projection development 35 2.501786991 0.001060588 
MEGF8, FGFR1, ACHE, SHTN1, CPEB3, CRTC1, SYT2, BMPR2, ITSN2, SRF, LIF, RASAL1, PACSIN1, FBXW8, BHLHB9, PAFAH1B1, ACSL6, EPO, RET, NIN, LIMK1, MUL1, RUFY3, MARK2, 
NUMBL, RND2, FAM134C, IST1, VEGFA, ADAMTS1, NEU1, SMURF1, SEMA4D, ABL1, ABL2 1.795976491 0.999660243 0.052885451 2.084340434 
GO:0044802~single-organism membrane 
organization 
71 5.07505361 0.001109049 
HPS6, UVRAG, RHOQ, PHF23, ATP10D, MTSS1L, LRRC15, VPS33A, GDNF, RAB3IP, KCNIP3, FAM73A, BAK1, TRIAP1, BAG4, PACSIN1, TRIM9, IFNG, ANO3, ANO6, VCPIP1, STX6, BSG, 
TTC7A, FLOT2, TAZ, TP53, PARP11, NRXN1, PIGR, MFN1, LETM1, ATG4D, CEMIP, NAIF1, BIN2, MYO18A, SPTB, SNAP29, PACS2, RTP1, ERBB2, PPIL2, CACNB1, HK2, CALCOCO2, PPT1, 
FAT4, STX18, BCL2, PAFAH1B1, SH3TC2, VAV3, RAB8B, BAIAP2L1, TSPAN14, MUL1, SUN1, APPL1, TMED9, REEP3, EPHA2, STAT3, MICALL1, PPIF, PPP1R9B, P2RX7, BBC3, RHOT2, 
SNX33, LRP4 
1.464656168 0.999764181 0.054872511 2.178588147 
GO:0034765~regulation of ion transmembrane 
transport 43 3.073624017 0.001118234 
KCNH1, FGF14, KCNA1, DRD4, CACNB1, CACNB2, CACNB3, KCNJ12, KCNA7, KCNJ13, KCNIP3, KCNK10, KCNS3, TMEM37, PPP2CA, KLHL24, ASPH, HCN4, SCN5A, HCN3, ANO6, ACSL6, 
EPO, HCN1, SCN2B, NOS1AP, GRIN2A, NRXN1, CACNG2, PPIF, P2RX7, KCNJ9, RASGRF2, RASGRF1, SCN4B, KCNH7, AKAP6, KCNH8, WDR1, KCNH3, SCN4A, KCNH4, CACNA1B 1.672851705 0.99977995 0.054953528 2.196440222 
GO:0006487~protein N-linked glycosylation 14 1.000714796 0.001134174 B4GALT1, MGAT4A, ST6GAL1, SYVN1, UBE2J1, MAN1B1, ST8SIA3, MAN1A1, EDEM1, ST6GALNAC6, GORASP1, ST8SIA4, CCDC126, ALG12 2.822971499 0.999804856 0.055354109 2.227415974 
GO:0043067~regulation of programmed cell 
death 
132 9.435310936 0.001142866 
HMGCR, ITPKB, REST, MMP2, GDNF, BAK1, CSNK2A1, CDKN2A, BHLHB9, MAP3K9, IFNG, ROBO4, RBCK1, UNC5C, MAP2K7, RET, BCL2L14, MADD, GRIN2A, LIFR, LIG4, BCL2L13, 
BCL2L12, THY1, PPP1CA, CCR5, ARRB1, VEGFA, SPDEF, TNFAIP3, MYO18A, FBXO10, FGFR2, FGFR1, SYVN1, ERBB4, MCL1, ERBB3, PKHD1, ERBB2, TAF9B, BCL2L2, PPT1, VDR, AKT1S1, 
FGB, TRAF6, BMF, PLAGL2, B4GALT1, MUC2, TCF7, ST6GAL1, NTF4, TAOK1, ACER2, IL1RN, MUL1, PPIF, NOTCH2, BFAR, P2RX7, SARM1, CSRNP3, ETS1, BBC3, CD59, TRPS1, IKBKG, 
ABL1, ABL2, SLC46A2, CDK19, IER3IP1, PDIA3, DICER1, ACVR1C, KCNIP3, TRIAP1, CASP6, DIP2A, NOD1, FAM129B, TNIP2, CASP2, ANO6, PPP2R1B, NOS1AP, TP53, JMY, SMO, 
AMIGO2, BTG2, THOC6, MAP3K10, SORT1, KCNH8, MAP3K11, FFAR4, CD248, HSH2D, TNFRSF1B, MAP3K3, BCL2, MAP3K1, ALDH1A3, PPP2CA, NFATC4, PRKAA2, APC, EPO, COL4A3, 
IL2RB, TMBIM6, CREB1, SIRT5, RAF1, AMBRA1, SIRT2, TP73, STAT3, BRMS1, RPS6KA1, AREL1, ID1, GDF11, PPP2R4, ID3, BMPR1B, IGFBP3, DUSP6, TP53INP1 
1.303295019 0.999817228 0.055407633 2.244303395 
GO:0030097~hemopoiesis 80 5.718370264 0.001152796 
CD8A, LRRC8A, EFNA2, ITPKB, RORA, REST, VPS33A, CBFB, BAK1, CDKN2A, GAB2, CDKN2B, IFNG, RBFOX2, SGPL1, BATF2, TTC7A, HERC6, TAZ, TP53, CDK6, LIG4, NFAM1, DCLRE1C, 
CCR7, VEGFA, CCR2, CD300LF, PRDM1, ATXN1L, PLA2G2D, ADD2, SPTB, FGFR2, HMGB3, FUT7, ERBB2, MKNK2, SRF, AZI2, CALCA, LIF, HIST1H4A, UBASH3B, BCL2, POU2F2, SH2B3, 
PAFAH1B1, ETV6, TRAF6, NBEAL2, LFNG, APC, NFATC1, NKX2-3, EPO, ZBTB7A, ESRRA, TCF7, TNFSF4, WDR7, KLF13, CREB1, CEBPG, TET2, EPHA2, HOXB3, NOTCH2, SP1, ID2, ETS1, 
MAPK14, SP3, IRF1, GAS2L1, SP7, IRF4, ABL1, ABL2, SLC46A2 
1.426301202 0.999830406 0.055518419 2.263592468 
GO:0010629~negative regulation of gene 135 9.649749821 0.001183137 MASP1, RBM4, REST, CBX7, IGHMBP2, NLRC5, BAK1, EIF4EBP1, CDKN2A, IFNG, RBCK1, ATOH8, SCRT1, EIF2B5, SCRT2, RBFOX2, STC2, RREB1, HNRNPA2B1, SIX5, UBR2, VAX1, PROX1, 1.296262423 0.999865069 0.056576662 2.322506773 
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expression BCL2L12, FOXN3, HOXD9, ARRB1, VEGFA, HES2, SPDEF, MVK, PRDM1, ST18, ATXN1L, TNFAIP3, FGFR2, FGFR1, PKHD1, TAF9B, MYT1, LIN28A, TRIM71, SRF, LIN28B, NR2C1, VDR, 
AHRR, OVOL1, RNF168, TRAF6, IKZF4, TCF7, ESRRA, RFX5, SUV39H1, RYBP, KLF16, SMAD4, SMAD2, ACACB, TRIM62, HDAC5, SFRP5, HOXB3, NOTCH2, SRSF6, MLX, CD59, TRPS1, 
TDG, NCOR2, DNAJB5, BACH1, PPARA, ZBTB33, FGF9, CPEB3, DICER1, ZBTB38, FOXS1, KCNIP3, DIP2A, HIF1AN, PCGF6, HOMEZ, SLA2, FLOT2, SOX11, TP53, UBE2I, MBD1, MXD4, 
SMO, BTG2, MAP3K10, SEMA4D, LCOR, USP2, CALCA, REL, PPP2CA, POU2F1, HINFP, AGO2, NFATC4, UNK, ETV6, BAZ2A, ZC3H12D, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, JARID2, 
TMBIM6, CEBPG, CREB1, SIRT7, SIRT2, TP73, AJUBA, ATXN1, SNAI3, BRMS1, ID2, ID1, TENM2, SP3, IRF1, SETD6, GAS2L1, ID3, RNF40, NFIB 
GO:2000145~regulation of cell motility 74 5.289492495 0.001201167 
NRG3, SHTN1, PLXNA1, TACR1, MMP28, LRRC15, MMP2, ACVR1C, BAG4, MYD88, GAB2, IFNG, CCBE1, ROBO4, UNC5C, ATOH8, FAM83H, SCRT1, ANGPT2, ANO6, MTUS1, ADAM9, 
GPR173, SCRT2, RET, RREB1, PIK3CD, TP53, ZSWIM6, PADI2, PROX1, THY1, CCR7, CCR5, SEMA4F, VEGFA, CCR2, CEMIP, SEMA4C, SEMA4B, SEMA4D, SRGAP2, FGFR1, ERBB4, ABHD6, 
ONECUT2, BMPR2, CBLL1, ITGB3, SRF, STARD13, BCL2, MAP3K1, APC, SASH1, MUC2, ABR, ARHGEF39, PODXL, IL1RN, MCAM, FURIN, RUFY3, EPHA2, STAT3, CORO1C, AJUBA, HDAC5, 
LAMA4, CXCL13, ETS1, MAPK14, IGFBP3, TP53INP1 
1.449276163 0.999882211 0.05705211 2.357499261 
GO:0051270~regulation of cellular component 
movement 
80 5.718370264 0.001209085 
NRG3, SHTN1, PLXNA1, TACR1, MMP28, LRRC15, MMP2, ACVR1C, BAG4, MYD88, GAB2, IFNG, CCBE1, ROBO4, UNC5C, ATOH8, FAM83H, SCRT1, ANGPT2, ANO6, MTUS1, ADAM9, 
GPR173, SCRT2, RET, SCN2B, RREB1, PIK3CD, TP53, ZSWIM6, PADI2, PROX1, THY1, CCR7, CCR5, SEMA4F, VEGFA, CCR2, CEMIP, SEMA4C, AKAP6, SEMA4B, SEMA4D, SRGAP2, 
MEGF8, FGFR1, ERBB4, ABHD6, ONECUT2, BMPR2, CBLL1, ITGB3, SRF, STARD13, BCL2, MAP3K1, SCN5A, APC, B4GALT1, SASH1, MUC2, ABR, ARHGEF39, PODXL, IL1RN, MCAM, 
FURIN, RUFY3, EPHA2, STAT3, CORO1C, AJUBA, HDAC5, LAMA4, CXCL13, ETS1, MAPK14, SCN4B, IGFBP3, TP53INP1 
1.424527196 0.999889034 0.057057772 2.372864261 
GO:0072358~cardiovascular system development 97 6.933523946 0.001217494 
PPARA, HTATIP2, FGF9, DICER1, ANPEP, LUZP1, REST, ENPEP, RORA, MMP2, FOXS1, BAK1, TSPAN12, WARS, TMEM231, CASP7, IFNG, CCBE1, ROBO4, STRA6, ANGPT2, LOXL1, SGPL1, 
SOX11, TAZ, VANGL2, TP53, NRXN1, MBD1, PROX1, THY1, SMO, MIB1, CCR5, VEGFA, CCR2, AKAP6, ADAMTS1, PRDM1, ASB4, FGFR2, MEGF8, FGFR1, ERBB4, ERBB3, ERBB2, BMPR2, 
ADRBK1, ITGB3, SRF, CDH5, STARD13, GJC1, CALCA, LIF, VDR, FBXW8, ECE1, MAP3K3, AGGF1, CRB2, SPEG, FAT4, ANKS6, PPP2CA, NFATC4, SCN5A, NFATC1, PTPRB, B4GALT1, 
COL4A3, DVL3, SASH1, ALPK3, CREB1, RBM20, TBX4, SMAD4, RAF1, SMAD2, ACACB, MCAM, TP73, EPHA2, HDAC5, HOXB3, NOTCH2, MEF2D, LAMA4, ID2, ETS1, ID1, MAPK14, 
TRPS1, ITGA7, ID3, NCOR2 
1.370878911 0.999895848 0.057085708 2.389178519 
GO:0072359~circulatory system development 97 6.933523946 0.001217494 
PPARA, HTATIP2, FGF9, DICER1, ANPEP, LUZP1, REST, ENPEP, RORA, MMP2, FOXS1, BAK1, TSPAN12, WARS, TMEM231, CASP7, IFNG, CCBE1, ROBO4, STRA6, ANGPT2, LOXL1, SGPL1, 
SOX11, TAZ, VANGL2, TP53, NRXN1, MBD1, PROX1, THY1, SMO, MIB1, CCR5, VEGFA, CCR2, AKAP6, ADAMTS1, PRDM1, ASB4, FGFR2, MEGF8, FGFR1, ERBB4, ERBB3, ERBB2, BMPR2, 
ADRBK1, ITGB3, SRF, CDH5, STARD13, GJC1, CALCA, LIF, VDR, FBXW8, ECE1, MAP3K3, AGGF1, CRB2, SPEG, FAT4, ANKS6, PPP2CA, NFATC4, SCN5A, NFATC1, PTPRB, B4GALT1, 
COL4A3, DVL3, SASH1, ALPK3, CREB1, RBM20, TBX4, SMAD4, RAF1, SMAD2, ACACB, MCAM, TP73, EPHA2, HDAC5, HOXB3, NOTCH2, MEF2D, LAMA4, ID2, ETS1, ID1, MAPK14, 
TRPS1, ITGA7, ID3, NCOR2 
1.370878911 0.999895848 0.057085708 2.389178519 
GO:0060429~epithelium development 106 7.5768406 0.001230513 
PLXNA1, RBM4, LUZP1, MMP2, GDNF, ZNRF3, BAK1, MYD88, CDKN2A, CDKN2B, IFNG, ATOH8, FNDC3B, ADAM9, RET, CYP1A1, RREB1, VANGL2, LRTOMT, GRHL1, PTPRO, PROX1, 
MIB1, PPP1CA, CGN, VEGFA, SPDEF, PRDM1, SLITRK6, FRAS1, FGFR2, FGFR1, ERBB4, ONECUT2, BMPR2, CERS3, SRF, TRIM71, LIF, VDR, FOXQ1, CRB2, OVOL1, TRAF6, LFNG, TMEM79, 
B4GALT1, MUC2, DVL3, TCF7, NTF4, YIPF6, PODXL, SMAD4, SMAD2, PCDH15, EPHA2, HDAC5, SFRP5, NOTCH2, FLG, SRSF6, TRPS1, ABL1, ABL2, NCOR2, PPARA, HPS6, MYO7A, 
DICER1, CASP6, TMEM231, STRA6, IPMK, SOX11, TP53, CDK6, SMO, DDR1, SPRR3, SEMA4C, MEGF8, PSAPL1, CDH5, STARD13, FAT4, BCL2, MAP3K1, ALDH1A3, MSI1, POU2F1, 
PAFAH1B1, NFATC4, APC, MAF, CREB1, TBX4, GRSF1, AMBRA1, AJUBA, ID2, ID1, GDF11, ID3, LRP4, NFIB 
1.348932286 0.999905582 0.057321895 2.414430522 
GO:0016337~single organismal cell-cell adhesion 70 5.003573981 0.001237471 
PPARA, CD8A, VTCN1, PIP5K1C, ITPKB, RORA, CDKN2A, IFNG, NT5E, ADAM9, DENND6A, CRTAM, RET, SIT1, SLA2, FLOT2, TP53, CAMSAP3, CDK6, LIG4, NRXN1, THY1, CCR7, CCR5, 
VEGFA, CCR2, ABAT, SEMA4D, PLA2G2D, CD244, FUT7, ERBB2, ITGB3, CBLL1, SRF, CDH5, AZI2, MYL9, HSH2D, CALCA, FGB, UBASH3B, BCL2, TRAF6, GCNT1, LFNG, ZC3H12D, NKX2-
3, EPO, APC, TCF7, TNFSF4, FIBP, PODXL, IL1RN, DUSP3, P2RX7, CXCL13, TENM2, CD59, SP3, ITGA7, IRF1, CYFIP2, TREML2, IRF4, PERP, ABL1, ABL2, SLC46A2 
1.465138717 0.999910405 0.057282559 2.427924298 
GO:0001775~cell activation 84 6.004288778 0.001250117 
CD8A, LRRC8A, VTCN1, TACR1, PIP5K1C, ITPKB, RORA, CBFB, BAK1, MYD88, CDKN2A, GAB2, IFNG, TNIP2, ADAM9, CRTAM, SIT1, BATF2, SLA2, FLOT2, SOX11, PIK3CD, TP53, CDK6, 
LIG4, NFAM1, THY1, DCLRE1C, SMO, CCR7, DGAT1, CCR2, ABAT, PRDM1, TNFAIP3, PLA2G2D, CD300LB, PRF1, CD244, HMGB3, FUT7, ERBB2, ITGB3, SRF, AZI2, MYL9, HSH2D, FGB, 
UBASH3B, BLOC1S3, BCL2, POU2F2, PVRL2, RNF168, TRAF6, ENTPD1, LFNG, ZC3H12D, APC, NFATC1, NKX2-3, EPO, IL2RB, TCF7, VAV3, ABR, TNFSF4, FIBP, CEBPG, SMAD4, NOTCH2, 
DUSP3, P2RX7, RPS6KA1, ID2, CD59, SP3, IRF1, TREML2, IRF4, ABL1, ABL2, MUC5B, SLC46A2 
1.409831018 0.999918549 0.057497841 2.452443781 
GO:0045666~positive regulation of neuron 
differentiation 43 3.073624017 0.001316897 
MEGF8, FGFR1, ACHE, SHTN1, CPEB3, CRTC1, SYT2, BMPR2, ITSN2, LIN28A, SRF, LIF, RASAL1, PACSIN1, FBXW8, BHLHB9, BCL2, IFNG, PAFAH1B1, ACSL6, EPO, PHOX2B, RET, NIN, 
LIMK1, SOX11, MUL1, PROX1, RUFY3, NUMBL, MARK2, RND2, FAM134C, CCR5, IST1, VEGFA, RGS6, ADAMTS1, NEU1, SMURF1, SEMA4D, ABL1, ABL2 1.659324603 0.999950761 0.06011017 2.581831891 
GO:2000027~regulation of organ morphogenesis 25 1.786990708 0.001324283 FGFR2, FGFR1, DICER1, GDNF, ZNRF3, LIF, VDR, CASP6, CDKN2A, BCL2, IFNG, APC, B4GALT1, DVL3, VANGL2, SMAD4, SFRP5, SMO, SRSF6, VEGFA, SP6, ABL1, TNFAIP3, ABL2, NFIB 2.022104282 0.999953427 0.060073238 2.596131891 
GO:0061564~axon development 50 3.573981415 0.001335486 
ADCY1, PLXNA1, SHTN1, EFNA2, PIP5K1C, MMP2, MBP, UNC5C, PHOX2B, LIMK1, VAX1, PTPRO, NUMBL, THY1, RND2, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, SEMA4D, 
SLITRK6, FGFR2, MEGF8, ACHE, ERBB3, ERBB2, BMPR2, BRSK2, SRF, BCL2, PAFAH1B1, DCLK1, FBXO45, APC, LRFN2, B4GAT1, NIN, CREB1, SMAD4, RUFY3, EPHA8, IST1, TENM2, 
SMURF1, BMPR1B, ABL1, LRP4, NFIB 
1.587194935 0.999957198 0.060203661 2.617817937 
GO:0032880~regulation of protein localization 92 6.576125804 0.001368908 
LZTS2, VTCN1, HMGCR, FAM20B, RHOQ, BAP1, REST, LRRC15, ACVR1C, STXBP5L, BAG4, TMEM231, CDKN2A, IFNG, RBCK1, YOD1, LEPROT, ASPH, CDK16, PSMD9, ADAM9, STX6, 
CRTAM, MADD, ZDHHC8, UBE2J1, NRXN1, DCTN1, SSTR5, SMO, CCR7, CCR5, ARRB1, DTWD2, VEGFA, CEMIP, HHAT, ABAT, UBL4B, AKAP6, MYO18A, MAVS, CD244, FFAR4, ERBB4, 
ABLIM3, ERBB2, DRD4, BRSK2, PPM1A, HK2, NEO1, ASTN2, MYT1, UBAC2, EDEM1, OAZ2, LIF, FGB, BCL2, PPP2CA, RNF168, SH3TC2, TRAF6, TBC1D1, DCLK1, APC, PLAGL2, DVL3, 
TNFSF4, TMBIM6, LRRC46, SMAD4, CELSR2, APPL1, UBE2L3, RPL28, RUFY3, EPHA2, SIRT2, SFRP5, PPP1R9B, P2RX7, BBC3, GPR39, MAPK14, SVIP, DNAJB2, SNX33, ABL1, ABL2, LRP4 
1.37918099 0.999966729 0.061297443 2.682489976 
GO:0019941~modification-dependent protein 
catabolic process 
55 3.931379557 0.001409008 
UBE2G1, PPP2R5C, MAN1B1, BAP1, ZNRF3, CDKN2A, TRIM9, USP12, VPS4B, RBCK1, TLK2, YOD1, ANKZF1, PSMD7, HERC6, UBE2J1, UBE2I, SOCS4, UBR2, RNF222, ARRB1, UBE2W, 
TNFAIP3, FBXO10, USP8, SYVN1, USP2, ANAPC15, EDEM1, TRIB2, UBE2R2, MAP3K1, KLHL40, USP38, USP37, RNF168, RNF121, VPS36, FBXO45, APC, RNF144A, RNF144B, FOXRED2, 
UBE2L3, SIRT2, BFAR, ATXN3, PSMD13, AREL1, USP46, DNAJB2, SVIP, SMURF1, RNF40, USP45 
1.543936093 0.999975408 0.062664429 2.760030363 
GO:0006928~movement of cell or subcellular 
component 142 10.15010722 0.001420244 
SHTN1, IL16, PLXNA1, EFNA2, RASGEF1A, ENPEP, MMP2, GDNF, MYD88, GAB2, IFNG, CCBE1, ROBO4, ATOH8, UNC5C, SCRT1, MTUS1, FNDC3B, ADAM9, SCRT2, PHOX2B, SGPL1, 
RBFOX2, RET, SCN2B, TMEM201, RREB1, VANGL2, PIK3CD, VAX1, PROX1, PTPRO, DCTN1, THY1, MARK2, CCR7, CCR5, CCR2, VEGFA, AKAP6, BIN3, MYO18A, BIN2, FGFR1, ERBB4, 
ERBB2, PEAK1, ONECUT2, BMPR2, ITGB3, SRF, BLOC1S3, CKLF, SCARB1, LHX6, GCNT1, FBXO45, NKX2-3, B4GALT1, SASH1, MUC2, VAV3, ABR, B4GAT1, ARHGEF39, PODXL, IL1RN, 
SMAD4, CELSR2, MCAM, FURIN, EPHA2, CORO1C, HDAC5, ITGA9, LAMA4, ETS1, CXCL13, EPHA8, ITGA7, RHOT2, ABL2, IER2, KIF24, NRG3, TACR1, MYO7A, MMP28, LRRC15, ACVR1C, 
BAG4, GPC6, TTC30B, FAM83H, ANGPT2, ANO6, GPR173, FMNL3, PIK3C2B, TP53, ZSWIM6, PADI2, JMY, DDR1, SMO, SEMA4F, SEMA4C, CEMIP, SEMA4B, SEMA4D, SRGAP2, MEGF8, 
SORD, FUT7, ABHD6, CD248, KLC2, CBLL1, STARD13, CALCA, BCL2, MAP3K1, WIPF2, PAFAH1B1, UNK, SCN5A, DCLK1, APC, PSTPIP2, DPYSL4, STAT3, RUFY3, AJUBA, PPP1R9B, TENM2, 
MAPK14, SCN4B, BMPR1B, IGFBP3, NFIB, ACTR10, TP53INP1 
1.280997329 0.999977405 0.062777915 2.781746165 
GO:0009101~glycoprotein biosynthetic process 34 2.430307362 0.001428707 
SYVN1, GALNT7, FUT7, ALG1, B3GALT4, BMPR2, MAN1B1, ST8SIA3, NECAB3, EDEM1, ST6GALNAC6, GORASP1, B3GALNT2, CCDC126, FUT4, FUT1, B4GALT6, GCNT1, GALNT14, 
B4GALNT1, B4GALT1, MGAT4A, ST6GAL1, B4GAT1, ACER2, VANGL2, UBE2J1, MAN1A1, TET2, CCR7, ST8SIA4, DPM2, POFUT2, ALG12 
1.783007116 0.999978801 0.062772 2.798098563 
GO:0050770~regulation of axonogenesis 25 1.786990708 0.00143196 
MEGF8, RET, ACHE, PLXNA1, NIN, SHTN1, LIMK1, BMPR2, SRF, RUFY3, MBP, THY1, MARK2, RND2, CCR5, SEMA4F, IST1, VEGFA, SEMA4C, SEMA4B, PAFAH1B1, SMURF1, SEMA4D, 
ABL1, LRP4 
2.010744146 0.999979315 0.062545797 2.804385643 
GO:0001503~ossification 45 3.216583274 0.001487526 
FGFR2, FGFR1, CYP24A1, IMPAD1, ACHE, ENPP1, FGF9, TACR1, PTH1R, BMPR2, MMP2, CBFB, CALCA, HIST1H4A, FAT4, BCL2, COL11A2, TRAF6, ANO6, FNDC3B, APC, NFATC1, ESRRA, 
SOX11, CDK6, SUN1, ANKH, EPHA2, HDAC5, MEF2D, SMO, P2RX7, SP1, ID2, ID1, SP3, VEGFA, SORT1, SP7, SMURF1, ID3, SEMA4D, BMPR1B, IGFBP3, LRP4 
1.626874809 0.999986393 0.064520558 2.911687286 
GO:1903827~regulation of cellular protein 
localization 56 4.002859185 0.001489802 
LZTS2, FAM20B, BAP1, RHOQ, LRRC15, BAG4, CDKN2A, IFNG, RBCK1, ASPH, LEPROT, YOD1, STX6, ZDHHC8, UBE2J1, NRXN1, DCTN1, SMO, DTWD2, VEGFA, CEMIP, HHAT, AKAP6, 
UBL4B, MAVS, ERBB4, ERBB2, ABLIM3, PPM1A, ASTN2, UBAC2, EDEM1, OAZ2, LIF, PPP2CA, RNF168, SH3TC2, DCLK1, PLAGL2, APC, DVL3, LRRC46, SMAD4, UBE2L3, APPL1, SIRT2, 
RUFY3, EPHA2, RPL28, SFRP5, PPP1R9B, BBC3, MAPK14, SVIP, SNX33, LRP4 
1.532932898 0.999986625 0.064246308 2.9160804 
GO:0030163~protein catabolic process 76 5.432451751 0.001531355 
PGC, UBE2G1, PPP2R5C, MAN1B1, BAP1, ZNRF3, LNPEP, CSNK2A1, CDKN2A, TRIM9, IFNG, USP12, VPS4B, RBCK1, TLK2, YOD1, ANKZF1, PSMD7, GPC1, ADAM9, HERC6, GRIN2A, 
UBE2J1, LYPLA2, UBR2, UBE2I, SOCS4, RNF222, ARRB1, OPHN1, UBE2W, TNFAIP3, FBXO10, SYVN1, USP8, USP2, ANAPC15, BRSK2, PPT1, UBAC2, EDEM1, TRIB2, UBE2R2, OAZ2, 
TNFRSF1B, MAP3K1, KLHL40, USP38, USP37, RNF168, RNF121, VPS36, FBXO45, APC, RNF144A, RNF144B, FOXRED2, SMAD4, UBE2L3, FURIN, PSMB8, SIRT2, PSMB9, BFAR, P2RX7, 
ATXN3, PSMD13, AREL1, USP46, DNAJB2, SVIP, SMURF1, SNX33, RNF40, USP45, SEL1L 
1.427892221 0.999990222 0.065604005 2.99624398 
GO:0044093~positive regulation of molecular 
function 
136 9.72122945 0.001531864 FGF14, RASGEF1A, REST, ITSN2, GDNF, BAK1, DIRAS1, MYD88, CDKN2A, MAP3K9, IFNG, RAPGEF5, RBCK1, ASPH, MAP2K7, EIF2B5, ADAM9, RET, MADD, VANGL2, PROX1, THY1, 
SPAG8, SGSM2, ARFGEF3, RASGRF2, ARRB1, RASGRF1, VEGFA, OPHN1, AKAP6, ADD2, FGFR2, MAVS, TNFAIP8L3, FGFR1, RALGPS2, ERBB4, ERBB3, ERBB2, CRTC1, DRD4, AKAP13, 
1.286026269 0.999990259 0.065254129 2.997225652 
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ITGB3, SRF, RASAL2, VDR, RASAL1, GMIP, SCARB1, IQSEC3, TRAF6, RAP1GAP2, LFNG, RHEBL1, IQSEC2, HCN1, DVL3, SASH1, LAMTOR3, VAV3, ABR, ARHGEF39, TAOK1, ACER2, IL1RN, 
MUL1, UBE2L3, TRIM62, DOCK3, EPHA2, CORO1C, HDAC5, P2RX7, RABEP2, CXCL13, BBC3, EPHA8, DCP1A, IKBKG, RGS6, CYFIP2, ABL1, ABL2, CDC14B, RAB3IP, ACVR1C, STXBP5L, 
NOD1, DENND6A, PARM1, ARHGEF2, ARHGEF1, ARHGEF18, ARHGAP27, UBE2I, IL6R, NFAM1, JMY, SMO, CEMIP, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, SRGAP2, RIN3, 
SNX18, CYTH1, GPR65, CYTH2, PSAPL1, SEC14L2, CALCA, PLEKHG2, ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, RASA3, EPO, COL4A3, RAF1, AMBRA1, SIRT2, TP73, ANKRD42, AJUBA, 
DIS3, MAPK14, PPP2R4, IRF4, PERP, IGFBP3 
GO:0061061~muscle structure development 63 4.503216583 0.001539706 
FGF9, HMGCR, DICER1, RBM4, RORA, REST, MED20, NMRK2, HIF1AN, STRA6, LMOD1, GPC1, PHOX2B, SOX11, FLOT2, TAZ, VANGL2, VAX1, PROX1, HOXD9, SMO, KRT19, BTG2, 
VEGFA, SEMA4C, HSPB2, AKAP6, SORT1, RBM38, BIN3, FGFR2, FGFR1, ERBB4, USP2, ERBB3, ERBB2, NEO1, MYT1, SRF, PLAGL1, LIF, SPEG, BCL2, KLHL40, HINFP, NFATC4, MBNL3, 
EHD1, RBM24, ALPK3, CREB1, SEPN1, TP73, SIRT2, HDAC5, MEF2D, MAPK12, MAPK14, ITGA7, KLHL31, ID3, WDR1, IGFBP3 
1.488348835 0.999990818 0.065208678 3.012347414 
GO:0002521~leukocyte differentiation 53 3.7884203 0.001562042 
LRRC8A, CD8A, EFNA2, ITPKB, RORA, CBFB, BAK1, CDKN2A, GAB2, IFNG, BATF2, TP53, CDK6, LIG4, NFAM1, DCLRE1C, CCR7, VEGFA, CD300LF, PRDM1, PLA2G2D, HMGB3, FUT7, 
ERBB2, SRF, AZI2, LIF, CALCA, UBASH3B, BCL2, POU2F2, PAFAH1B1, TRAF6, LFNG, NKX2-3, NFATC1, APC, ZBTB7A, ESRRA, TCF7, TNFSF4, CEBPG, CREB1, EPHA2, NOTCH2, ID2, SP3, 
MAPK14, IRF1, IRF4, ABL1, ABL2, SLC46A2 
1.551685912 0.999992241 0.065754021 3.055406437 
GO:2001222~regulation of neuron migration 9 0.643316655 0.001583767 GPR173, SCRT2, NRG3, ERBB4, SHTN1, ZSWIM6, SCRT1, STAT3, SRGAP2 3.904499541 0.999993413 0.066268064 3.097269154 
GO:0051345~positive regulation of hydrolase 
activity 71 5.07505361 0.001612942 
RASGEF1A, ITSN2, REST, RAB3IP, ACVR1C, STXBP5L, BAK1, NOD1, CDKN2A, IFNG, RAPGEF5, ASPH, EIF2B5, DENND6A, ARHGEF2, RET, ARHGEF1, MADD, ARHGEF18, ARHGAP27, 
THY1, ARFGEF3, RASGRF2, SGSM2, ARRB1, RASGRF1, VEGFA, AKAP6, OPHN1, SEMA4D, PLA2G5, RIN3, SRGAP2, FGFR2, SNX18, FGFR1, RALGPS2, CYTH1, ERBB2, GPR65, AKAP13, 
CYTH2, RASAL2, RASAL1, PLEKHG2, GMIP, PPP2CA, RASA3, RAP1GAP2, IQSEC3, IQSEC2, COL4A3, DVL3, LAMTOR3, VAV3, ABR, ARHGEF39, ACER2, MUL1, EPHA2, DOCK3, CORO1C, 
DIS3, RABEP2, CXCL13, BBC3, RGS6, CYFIP2, PPP2R4, PERP, ABL2 
1.445905235 0.999994714 0.067075463 3.153461566 
GO:0040012~regulation of locomotion 79 5.646890636 0.001620786 
NRG3, SHTN1, IL16, PLXNA1, TACR1, MMP28, LRRC15, MMP2, ACVR1C, BAG4, MYD88, GAB2, IFNG, CCBE1, ROBO4, UNC5C, ATOH8, FAM83H, SCRT1, ANGPT2, ANO6, MTUS1, 
ADAM9, GPR173, SCRT2, RET, RREB1, PIK3CD, TP53, ZSWIM6, PADI2, PROX1, THY1, CCR7, CCR5, SEMA4F, VEGFA, CCR2, CEMIP, SEMA4C, SEMA4B, SEMA4D, SRGAP2, MEGF8, 
FGFR1, ERBB4, ABHD6, ONECUT2, BMPR2, CBLL1, ITGB3, SRF, STARD13, BCL2, MAP3K1, PVRL2, APC, SASH1, MUC2, ST6GAL1, ABR, ARHGEF39, PODXL, IL1RN, MCAM, TRIM62, 
FURIN, RUFY3, EPHA2, STAT3, CORO1C, AJUBA, HDAC5, LAMA4, CXCL13, ETS1, MAPK14, IGFBP3, TP53INP1 
1.413754209 0.999995017 0.0670209 3.168564166 
GO:0008285~negative regulation of cell 
proliferation 65 4.64617584 0.001665723 
E2F3, LZTS2, DICER1, PPP2R5C, REST, ACVR1C, BAK1, CDKN2A, CDKN2B, IFNG, ASPH, ATOH8, PHOX2B, SOX11, TP53, CDK6, SIX5, VAX1, PROX1, THY1, SSTR5, DDR1, BTG2, CCR5, 
DIS3L2, RBM38, PRDM1, TNFAIP3, PLA2G2D, PTGDR2, FGFR2, ERBB4, ERBB2, PTH1R, BMPR2, SRF, CDH5, LIF, VDR, BCL2, OVOL1, ZC3H12D, NFATC1, APC, B4GALT1, MUC2, KLF13, 
JARID2, SMAD4, RAF1, SMAD2, AMBRA1, TP73, SIRT2, STAT3, SFRP5, NOTCH2, SH3BP4, ID2, IRF1, GDF11, DNAJB2, IGFBP3, NFIB, TP53INP1 
1.472424669 0.999996449 0.068439958 3.25503975 
GO:0001558~regulation of cell growth 44 3.145103645 0.001671997 MEGF8, PLXNA1, ENPP1, SHTN1, SYT2, ERBB2, TAF9B, BMPR2, BAP1, PPT1, ITSN2, SRF, RASAL1, CGREF1, CDKN2A, CSNK2A1, BCL2, SERTAD3, PAFAH1B1, ZC3H12D, LIMK1, SMAD4, 
TP53, MUL1, RUFY3, RND2, SH3BP4, DDR1, PPP1R9B, ST7L, CCR5, SEMA4F, IST1, VEGFA, SEMA4C, NAIF1, GAS2L1, SEMA4B, AKAP6, DNAJB2, SMURF1, SEMA4D, ABL1, IGFBP3 
1.627715571 0.999996613 0.068316507 3.267108641 
GO:1901292~nucleoside phosphate catabolic 
process 
16 1.143674053 0.001684232 NUDT16, PPARA, ENPP1, TP53, STAT3, P2RX7, ARRB1, NT5M, PDE7A, MLYCD, ENTPD3, ENTPD4, PRKAA2, ENTPD1, NT5E, DCTPP1 2.489825794 0.999996912 0.068428319 3.290637531 
GO:0035601~protein deacylation 15 1.072194425 0.001702572 TP53, SIRT5, LYPLA2, PPT1, REST, SIRT7, SIRT2, HDAC5, ATXN3, BRMS1, TRPS1, VEGFA, RBM14, BAZ2A, NCOR2 2.587318973 0.999997311 0.068777071 3.325898 
GO:0030001~metal ion transport 78 5.575411008 0.0017912 
KCNH1, FGF14, ATP1B4, REST, KCNJ12, KCNJ13, KCNK10, KCNIP3, BAK1, ATP2B3, SLC23A2, SLC24A2, VPS4B, ASPH, SLC4A4, ANO6, NIPAL4, SCN2B, NOS1AP, STC2, GRIN2A, CACNG2, 
THY1, CNGA2, CCR5, CEMIP, AKAP6, KCNH7, KCNH8, KCNH3, KCNH4, PPME1, SLC39A11, SLC39A13, DRD4, KCNA1, CACNB1, CACNB2, CACNB3, ITGB3, KCNA7, KCNS3, CALCA, VDR, 
TMEM37, UBASH3B, BCL2, PPP2CA, SLC39A9, SLC39A8, SLC4A8, RASA3, MTMR6, HCN4, SLC31A1, HCN3, SCN5A, NFATC1, EPO, HCN1, SLC8A2, SLC12A3, SLC6A15, NIPA1, ASIC1, 
SLC17A7, P2RX4, SLC4A10, P2RX7, KCNJ9, BBC3, GPR39, SCN4B, ABL1, CHRNA10, SCARA5, SCN4A, CACNA1B 
1.411740668 0.999998621 0.071843575 3.496119931 
GO:0051252~regulation of RNA metabolic 
process 
253 18.08434596 0.001793296 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, RBM8A, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, VEGFA, HES2, ST18, 
PRDM1, ATXN1L, ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, KLF16, SMAD4, RYBP, ESRRG, CELSR2, 
SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, SRSF6, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, FOXS1, BAG4, 
TRIAP1, NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, RBM38, SEMA4D, MAP3K13, MEGF8, LCORL, 
USP2, NEO1, SEC14L2, PPP2CA, AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, RBM20, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, PAPOLA, BRMS1, MAPK12, 
RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, RBM4, HOXD1, GDNF, CBX7, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, 
SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, PNPT1, BMPR2, ELK1, 
LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, MBNL3, TRAF6, RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, 
EBF4, EAF1, IKBKG, TDG, HIVEP2, ABL1, DDX54, DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, 
SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, ABLIM3, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, NFATC1, EPO, MAF, 
ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, RNF40, 
NFIB 
1.182525 0.999998643 0.07154391 3.500141885 
GO:0001655~urogenital system development 42 3.002144389 0.001814224 
FRAS1, FGFR2, FGFR1, LZTS2, PKHD1, PSAPL1, ITGB3, ENPEP, LIN28A, MMP2, GDNF, PPAT, LIF, FAT4, BCL2, ALDH1A3, IFNG, OVOL1, STRA6, GCNT1, ANGPT2, APC, COL4A3, SGPL1, 
RET, PODXL, SOX11, VANGL2, SMAD4, SMAD2, TET2, PTPRO, PROX1, TP73, HDAC5, SMO, ID2, VEGFA, GDF11, ADAMTS1, ID3, LRP4 
1.642876856 0.999998841 0.071967847 3.540293779 
GO:0050768~negative regulation of neurogenesis 34 2.430307362 0.001816704 
NRG3, ERBB4, DICER1, CYTH2, REST, LIN28A, MBP, GORASP1, PAFAH1B1, NFATC4, RAP1GAP2, GPR173, PHOX2B, ARHGEF2, SOX11, TP53, VAX1, MBD1, TP73, SIRT2, STAT3, RUFY3, 
THY1, MIB1, CCR5, ID2, ID1, SEMA4F, GDF11, SEMA4C, SEMA4B, SEMA4D, LRP4, SRGAP2 
1.757259721 0.999998863 0.0716854 3.54504978 
GO:0010605~negative regulation of 
macromolecule metabolic process 
198 14.1529664 0.001828486 
MASP1, REST, BAK1, IFNG, TLK2, EIF2B5, PPP1R37, STC2, RREB1, GRIN2A, UBE2J1, UBR2, PROX1, BCL2L12, RNF222, THY1, GRB10, ARFGEF3, HES2, VEGFA, ST18, PRDM1, ATXN1L, 
ENPP1, ELL, TAF9B, MYT1, LIF, SH3BP5L, AHRR, UBASH3B, IKZF4, ESRRA, TCF7, ACER2, SMAD4, RYBP, KLF16, SMAD2, ACACB, SFRP5, NOTCH2, CSRNP3, SRSF6, TRPS1, CD59, MLX, 
NCOR2, BACH1, PPARA, ZBTB33, FGF9, CPEB3, LRRC15, KCNIP3, ZBTB38, FOXS1, TRIAP1, BAG4, DIP2A, HIF1AN, ZFYVE1, FLOT2, TP53, IL6R, MBD1, MXD4, ANKRD26, SERPINB8, 
MAP3K10, SEMA4D, USP2, FEM1A, PPP2CA, AGO2, UNK, ETV6, BAZ2A, JARID2, TP73, SNAI3, DUSP3, BRMS1, RPS6KA1, TENM2, GAS2L1, PPP2R4, SVIP, DUSP7, DUSP6, HMGCR, 
RBM4, CBX7, IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, CSNK2A1, CDKN2B, RBCK1, CTDSP2, ATOH8, SCRT1, SCRT2, RBFOX2, CEP85, HNRNPA2B1, SECISBP2, SIX5, SOCS4, VAX1, FOXN3, 
HOXD9, ARRB1, SPDEF, OPHN1, MVK, TNFAIP3, FGFR2, FGFR1, PKHD1, ANAPC15, BMPR2, ITGB3, LIN28A, LIN28B, SRF, TRIM71, UBAC2, NR2C1, VDR, AKT1S1, CRB2, OVOL1, RNF168, 
TRAF6, RFX5, MYO1D, SUV39H1, FURIN, TRIM62, CORO1C, HOXB3, HDAC5, P2RX7, OTUB1, TDG, DNAJB2, DDX54, ABL1, DNAJB5, DICER1, PCGF6, HOMEZ, YOD1, LIMK1, SOX11, 
SLA2, CAMSAP3, UBE2I, UBN1, SMO, BTG2, LCOR, RTN4RL1, TRIB2, CALCA, REL, POU2F1, HINFP, KLHL40, PAFAH1B1, NFATC4, ZC3H12D, EPO, NFATC1, APC, MAF, ZBTB7A, TNFSF4, 
CEBPG, TMBIM6, CREB1, SIRT7, SIRT2, ATXN1, AJUBA, PPP1R9B, ID2, ID1, SP3, KDM4B, IRF1, SETD6, ID3, IGFBP3, RNF40, NFIB 
1.216595136 0.999998959 0.071757954 3.567646091 
GO:0001654~eye development 44 3.145103645 0.001904779 
FGFR2, RP1, ACHE, FGF9, DRD4, BMPR2, SRF, GDNF, LIF, BAK1, TSPAN12, CASP6, ATP2B3, TMEM231, BLOC1S3, BCL2, MAP3K1, ALDH1A3, POU2F1, STRA6, CASP2, APC, RS1, HCN1, 
MAF, RET, RAX, CYP1A1, SOX11, SIX5, VAX1, PROX1, STAT3, EPHA2, THY1, SLC17A7, NOTCH2, SP1, SP3, VEGFA, GDF11, PRDM1, SLITRK6, BMPR1B 
1.615194682 0.999999415 0.07425421 3.713846484 
GO:1903829~positive regulation of cellular 
protein localization 
38 2.716225876 0.00212588 
MAVS, ERBB4, FAM20B, ERBB2, ABLIM3, PPM1A, BAP1, EDEM1, LIF, OAZ2, CDKN2A, IFNG, RBCK1, ASPH, LEPROT, PLAGL2, ZDHHC8, SMAD4, LRRC46, NRXN1, UBE2L3, SIRT2, RPL28, 
DCTN1, EPHA2, RUFY3, PPP1R9B, SMO, DTWD2, BBC3, MAPK14, VEGFA, CEMIP, HHAT, UBL4B, AKAP6, SNX33, LRP4 
1.679095482 0.99999989 0.082094279 4.136353332 
GO:0051649~establishment of localization in cell 193 13.79556826 0.002195657 
TGOLN2, VTCN1, SYT2, FAM20B, REST, VPS33A, BAK1, GAB2, IFNG, VPS4B, ADAM9, BSG, CRTAM, UBE2J1, DCTN1, BTBD9, THY1, SSTR5, CCR7, CCR5, CCR2, ABAT, UBL4B, MYO18A, 
ERBB4, ERBB2, RTP1, CACNB1, AKAP13, ADRBK1, PPT1, MYT1, LIF, UBASH3B, STX18, CKLF, PVRL2, PLAGL2, ABR, IL1RN, SMAD4, SMAD2, NXF1, UBE2L3, SFRP5, NOTCH2, MLX, 
SMURF1, LZTS2, HTATIP2, FGF9, MYO7A, TIMM17B, UVRAG, KCNIP3, BAG4, TTC30B, RAB6B, GOLGA5, STX6, ARHGEF2, ZDHHC8, TP53, THOC6, NAIF1, SORT1, SNAP29, RAB3D, 
FFAR4, HK2, NEO1, KLC2, EDEM1, RAB43, DDX19B, PPP2CA, BCL2, RASA3, APBA1, SLC8A2, LRRC46, RPL28, STAT3, MICALL1, YWHAG, MAPK14, SVIP, FGF14, HMGCR, RBM4, 
PACSIN1, CDKN2A, ANKRD50, RBCK1, ASPH, LEPROT, SAR1B, AP5Z1, TMEM201, MADD, HNRNPA2B1, SGSM2, DTWD2, ARRB1, AKAP6, OPHN1, TNFAIP2, FGFR2, MAVS, FGFR1, 
PACS2, SYVN1, PNPT1, DRD4, COPZ1, ITGB3, UBAC2, OAZ2, FGB, BLOC1S3, SCARB2, TRAF6, ENTPD1, SH3TC2, TMEM79, B4GALT1, RAB8B, TOMM40, MUL1, FURIN, PPIF, P2RX4, 
P2RX7, PLEKHA8, BBC3, GPR39, SLC25A10, IKBKG, RHOT2, ABL1, ABL2, CACNA1B, SEL1L, ATL2, TACR1, PIP5K1C, BAP1, RAB3IP, ACVR1C, STXBP5L, PLCB3, TRIM9, RASL10B, YOD1, 
CDK16, APLN, PSMD9, NOS1AP, SOX11, NRXN1, CHAMP1, SMO, ATG4D, DGAT1, ARCN1, CEMIP, HHAT, KPNA6, SNX18, CD244, ABLIM3, PPM1A, BRSK2, CALCA, TAP2, POU2F2, 
SYN2, PAFAH1B1, EHD1, VPS36, EPO, SPRN, TNFSF4, SNX27, CREB1, TMBIM6, RAF1, ASIC1, TMED9, RUFY3, ATXN1, SNX33, GGA2 
1.216146204 0.999999935 0.084243417 4.269326228 
 258 
GO:0045184~establishment of protein 
localization 
148 10.57898499 0.002199195 
VTCN1, HMGCR, FAM20B, RBM4, REST, VPS33A, PACSIN1, CDKN2A, IFNG, RBCK1, LEPROT, ASPH, SAR1B, ADAM9, CRTAM, BSG, TTC7A, MADD, UBE2J1, DCTN1, SSTR5, CCR7, CCR5, 
ARRB1, DTWD2, UBL4B, ABAT, AKAP6, TNFAIP3, MYO18A, FRAS1, MAVS, PACS2, SYVN1, ERBB4, RTP1, ERBB2, COPZ1, DRD4, CACNB1, PPT1, MYT1, UBAC2, OAZ2, STX18, BLOC1S3, 
GORASP1, FGB, SCARB2, SH3TC2, TRAF6, SEC61A2, PLAGL2, RAB8B, IL1RN, SMAD4, TOMM40, SMAD2, UBE2L3, EPHA2, CORO1C, SFRP5, NOTCH2, P2RX7, RABEP2, PLEKHA8, BBC3, 
GPR39, ARF3, IKBKG, SMURF1, ABL1, ABL2, SEL1L, FGF9, MYO7A, TIMM17B, RHOQ, BAP1, LRRC15, RAB3IP, KCNIP3, ACVR1C, STXBP5L, BAG4, DNAJC14, RAB6B, YOD1, CDK16, 
PSMD9, STX6, FLOT2, ZDHHC8, TP53, NRXN1, SMO, DGAT1, ATG4D, ARCN1, HHAT, CEMIP, GRIP2, SORT1, KPNA6, SNAP29, SNX18, CD244, FFAR4, RAB3D, ABLIM3, BRSK2, HK2, 
PPM1A, NEO1, EDEM1, RAB43, NUP210, TAP2, PPP2CA, POU2F2, HINFP, PAFAH1B1, SNX24, EHD1, VPS36, APBA1, SPRN, TNFSF4, SNX27, TMBIM6, TSPAN14, LRRC46, RAF1, TMED9, 
APPL1, STAT3, RPL28, RUFY3, MICALL1, PPP1R9B, YWHAG, RAB37, MAPK14, IST1, RAB22A, SVIP, SNX33, GGA2 
1.258967172 0.999999936 0.083946289 4.276064379 
GO:0016567~protein ubiquitination 66 4.717655468 0.002214917 
BACH1, CDC14B, UBE2G1, PHF23, SPRTN, KLHDC7B, MED20, ZNRF3, CBFB, CDKN2A, TRIM9, RBCK1, KLHL24, VCPIP1, LIMK1, HERC6, TAZ, UBE2J1, SOCS4, UBE2I, UBR2, RNF222, 
MIB1, ARRB1, UBE2W, TNFAIP3, KBTBD11, ASB4, FBXO10, ANAPC16, SYVN1, PPIL2, ASB11, CBLL1, ASB13, TRIM71, FEM1A, UBE2R2, FBXW8, TRIM68, BCL2, MAP3K1, KLHL40, 
RNF168, TRAF6, RNF121, FBXO45, APC, RNF144A, RNF144B, SASH1, RYBP, MUL1, UBOX5, UBE2L3, TRIM62, MARCH4, BFAR, AREL1, OTUB1, TCEB2, KLHL31, DNAJB2, SMURF1, 
ABL1, RNF40 
1.449216087 0.999999944 0.084095359 4.30599935 
GO:0045926~negative regulation of growth 31 2.215868477 0.002281313 
ENPP1, PNPT1, BMPR2, PPT1, CGREF1, MYD88, CDKN2A, BCL2, IFNG, SERTAD3, ZC3H12D, STC2, SCD, TP53, SMAD4, MUL1, TP73, SFRP5, ANKRD26, SH3BP4, PPP1R9B, ST7L, CCR5, 
SEMA4F, BBC3, SEMA4C, NAIF1, GAS2L1, SEMA4B, DNAJB2, SEMA4D 1.78956229 0.999999966 0.086073872 4.432318573 
GO:0007267~cell-cell signaling 89 6.361686919 0.002307774 
LZTS1, HMGCR, FGF9, FGF14, CPEB3, SYT2, TACR1, RBM4, BCAN, REST, GDNF, ACVR1C, STXBP5L, LNPEP, PLCB3, TRIM9, SLC24A2, IFNG, RASL10B, CDK16, APLN, PSMD9, NOS1AP, 
MADD, SOX11, GRIN2A, NRXN1, BTBD9, SSTR5, SMO, CHRM5, SSTR3, DGAT1, RASGRF2, CCR5, ARRB1, RASGRF1, ABAT, OPHN1, PTGDR2, SNAP29, FGFR2, FGFR1, FFAR4, ERBB4, 
ABHD6, CRTC1, DRD4, BRSK2, CACNB1, CACNB2, PPT1, CACNB3, MYT1, GJC2, SRF, GJC1, SHISA6, LIF, FGB, SYN2, POU2F1, NFATC4, PAFAH1B1, HCN4, SCN5A, APBA1, SLC8A2, NTF4, 
RAB8B, CREB1, IL1RN, SMAD4, RAF1, SMAD2, ASIC1, SLC17A7, ATXN1, P2RX4, YWHAG, P2RX7, CXCL13, GPR39, GLS, LVRN, USP46, SCN4B, CHRNA10, CACNA1B 
1.362746899 0.999999972 0.086595534 4.482617196 
GO:0061387~regulation of extent of cell growth 18 1.28663331 0.002328655 MEGF8, SHTN1, PLXNA1, LIMK1, BMPR2, SRF, RUFY3, RND2, CCR5, SEMA4F, IST1, VEGFA, SEMA4C, SEMA4B, PAFAH1B1, SMURF1, SEMA4D, ABL1 2.260499734 0.999999976 0.086912401 4.522292669 
GO:0006355~regulation of transcription, DNA-
templated 
241 17.22659042 0.002333522 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, HES2, VEGFA, ST18, PRDM1, 
ATXN1L, ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, SMAD4, RYBP, ESRRG, KLF16, CELSR2, SMAD2, 
UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, FGF9, CPEB3, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, 
SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, NEO1, SEC14L2, PPP2CA, 
AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, 
LRP4, TP53INP1, HOXD1, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, 
FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, TRAF6, 
RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EBF4, EAF1, IKBKG, TDG, HIVEP2, ABL1, DNAJB5, E2F2, E2F3, PTGES2, DICER1, FOXK2, 
RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, ABLIM3, PPM1A, CALCA, ERCC6, 
REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, 
SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.183222255 0.999999977 0.086657254 4.531538192 
GO:0010721~negative regulation of cell 
development 
39 2.787705504 0.002339465 
NRG3, ERBB4, DICER1, TTPA, CYTH2, REST, LIN28A, MBP, GORASP1, BCL2, PPP2CA, PAFAH1B1, NFATC4, RAP1GAP2, GPR173, PHOX2B, ARHGEF2, SOX11, TP53, VAX1, TRIM62, 
MBD1, TP73, SIRT2, STAT3, RUFY3, THY1, CORO1C, MIB1, CCR5, ID2, ID1, SEMA4F, GDF11, SEMA4C, SEMA4B, SEMA4D, LRP4, SRGAP2 
1.656805443 0.999999978 0.086442657 4.542824846 
GO:1902532~negative regulation of intracellular 
signal transduction 48 3.431022159 0.002355081 
SYVN1, RTN4RL1, MCL1, HMGCR, PKHD1, PPM1A, BCL2L2, RORA, LRRC15, FEM1A, SEC14L1, LIF, RASAL2, TRIAP1, RASAL1, AKT1S1, BCL2, PAFAH1B1, PRKAA2, LEPROT, RASA3, APC, 
EPO, STMN3, TMBIM6, SLA2, EPM2A, MUL1, SOCS4, UBR2, BCL2L12, TP73, EPHA2, SFRP5, PPIF, AJUBA, ANKRD26, SH3BP4, P2RX7, DUSP3, ARRB1, IKBKG, IRF1, TNFAIP3, ABL1, 
ABL2, DUSP7, DUSP6 
1.561799816 0.99999998 0.08657041 4.572479654 
GO:0072089~stem cell proliferation 23 1.644031451 0.002360514 FGFR2, FGFR1, FGF9, SOX11, KCNA1, TP53, VAX1, TRIM71, ZNRF3, NUMBL, HDAC5, SMO, DAGLA, FAT4, FBXW4, OVOL1, VEGFA, PAFAH1B1, ATXN1L, ETV6, ACSL6, NFATC1, NFIB 2.007801593 0.999999981 0.086340596 4.582794786 
GO:0070646~protein modification by small 
protein removal 
19 1.358112938 0.002387169 USP8, BRCC3, USP2, BAP1, COPS7B, OTUB2, ATXN7L3, ATXN3, OTUB1, USP38, USP12, USP46, USP37, DNAJB2, UCK2, YOD1, TNFAIP3, USP45, VCPIP1 2.193657 0.999999985 0.086851796 4.633386949 
GO:0045927~positive regulation of growth 32 2.287348106 0.002441242 
FGFR2, MEGF8, FGFR1, SHTN1, ERBB4, FGF9, ERBB2, SYT2, TAF9B, BMPR2, ITSN2, SRF, FOXS1, RASAL1, CSNK2A1, BCL2, PAFAH1B1, LIMK1, CREB1, MUL1, ACACB, PROX1, RUFY3, 
RND2, SMO, DIO3, IST1, MAPK14, VEGFA, AKAP6, SMURF1, SEMA4D 
1.762030562 0.99999999 0.088305852 4.735939406 
GO:0008283~cell proliferation 154 11.00786276 0.002475837 
VTCN1, HMGCR, PPP2R5C, ITPKB, ENPEP, RORA, REST, GDNF, ZNRF3, BAK1, MYD88, CDKN2A, CSNK2A1, GAB2, CDKN2B, IFNG, ATOH8, ASPH, FNDC3B, NUDT16, PHOX2B, CRTAM, 
CYP1A1, RREB1, LIFR, SIX5, LIG4, VAX1, PROX1, THY1, TACC2, NUMBL, SSTR5, CCR5, RASGRF1, CCR2, VEGFA, NEU1, PRDM1, ATXN1L, TNFAIP3, PLA2G2D, PTGDR2, FGFR2, FGFR1, 
ERBB4, PKHD1, ERBB2, PTH1R, KCNA1, BMPR2, BCL2L2, ITGB3, LIN28A, TRIM71, SRF, AZI2, LIF, VDR, DAGLA, FBXW8, AGGF1, OVOL1, CKLF, FBXW4, SCARB1, TRAF6, B4GALT1, 
MUC2, ST6GAL1, VAV3, KLF13, TAF8, ACER2, SMAD4, SMAD2, SEPN1, UBE2L3, FURIN, EPHA2, HDAC5, SFRP5, NOTCH2, P2RX7, DIO3, SRSF6, ETS1, CD59, NAA60, DNAJB2, ABL1, 
NCOR2, FGF5, LZTS2, E2F3, FGF9, TACR1, DICER1, ACVR1C, APLN, SOX11, TP53, CDK6, IL6R, DDR1, SMO, BTG2, RRM2, DIS3L2, RBM38, TXNRD1, EIF5A2, MAP3K11, SRGAP2, CD244, 
CD248, CDH5, CALCA, FAT4, BCL2, PAFAH1B1, ETV6, SCN5A, ACSL6, ZC3H12D, APC, EPO, NFATC1, COL4A3, LIPA, TNFSF4, JARID2, CREB1, RAF1, AMBRA1, APPL1, STAT3, SIRT2, 
TP73, ATXN1, SH3BP4, RPS6KA1, ID2, ID1, MAPK14, IRF1, GDF11, ABCC4, SP6, ID3, PES1, IGFBP3, NFIB, TP53INP1 
1.250561963 0.999999992 0.089074039 4.801497013 
GO:0010770~positive regulation of cell 
morphogenesis involved in differentiation 
24 1.715511079 0.002488759 
TRIOBP, MEGF8, ACHE, SHTN1, NIN, RREB1, LIMK1, BMPR2, SMAD4, SMAD2, ITGB3, GDNF, SRF, RUFY3, NUMBL, LIF, RND2, FBXW8, BHLHB9, CRB2, IST1, VEGFA, PAFAH1B1, 
SEMA4D 
1.963405483 0.999999993 0.089093128 4.825972998 
GO:0030099~myeloid cell differentiation 41 2.930664761 0.002496032 
HMGB3, EFNA2, ITPKB, VPS33A, SRF, CBFB, LIF, CALCA, CDKN2B, HIST1H4A, GAB2, UBASH3B, IFNG, PAFAH1B1, TRAF6, NBEAL2, NKX2-3, EPO, NFATC1, APC, ZBTB7A, RBFOX2, 
ESRRA, BATF2, KLF13, CEBPG, CREB1, CDK6, TET2, EPHA2, NOTCH2, CCR7, ID2, SP1, ETS1, MAPK14, SP3, VEGFA, GAS2L1, CD300LF, IRF4 
1.625973493 0.999999993 0.088919808 4.83974711 
GO:0034220~ion transmembrane transport 87 6.218727663 0.00250329 
KCNH1, LRRC8A, FGF14, LRRC8B, REST, AQP6, KCNJ12, SLC7A6, KCNJ13, KCNK10, KCNIP3, BAK1, SLC1A5, ATP2B3, SLC24A2, KLHL24, ASPH, SLC4A4, ANO6, GRID1, SCN2B, NOS1AP, 
GRIN2A, CACNG2, NRXN1, CNGA2, SLC26A6, RASGRF2, RASGRF1, SLC26A9, KCNH7, AKAP6, KCNH8, KCNH3, KCNH4, SLC39A11, SLC38A9, SLC39A13, KCNA1, DRD4, CACNB1, 
CACNB2, ATP5G2, CACNB3, SFXN2, COX7A2L, KCNA7, GJC1, KCNS3, TMEM37, PPP2CA, SLC39A8, SLC4A8, MTMR6, HCN4, SCN5A, HCN3, SLC31A1, ACSL6, GABRP, EPO, HCN1, 
SLC8A2, SLC12A3, SLC6A15, SLC6A17, ASIC1, ANKH, SLC17A7, PPIF, P2RX4, SLC4A10, P2RX7, P2RX6, KCNJ9, SLC16A6, SLC25A10, SLC7A1, SLC18A3, SCN4B, WDR1, ATP6AP1L, 
SCARA5, CHRNA10, SCN4A, SLC46A1, CACNA1B 
1.365718589 0.999999994 0.088747627 4.853489238 
GO:0007610~behavior 81 5.789849893 0.002505191 
PPARA, ADCY1, IL16, PLXNA1, HMGCR, FGF14, CPEB3, TACR1, CYP11B2, MMP28, KCNK10, KCNIP3, BHLHB9, SLC24A2, STRA6, ANGPT2, APLN, ANO6, MTUS1, GRID1, FBXL20, 
ZDHHC8, TP53, GRIN2A, PADI2, NRXN1, BTBD9, HOXD9, ANKRD26, CCR7, DGAT1, BTG2, CCR5, SEMA4F, ARCN1, VEGFA, CCR2, SEMA4C, ABAT, SEMA4B, SEMA4D, SLITRK6, CLN6, 
MEGF8, FGFR1, USP2, CRTC1, DRD4, BMPR2, PPT1, SRF, CALCA, BCL2, ALDH1A3, MYO15A, PAFAH1B1, UCK2, APBA1, HCN1, ST6GAL1, NTF4, SLC8A2, CREB1, EPM2A, IL1RN, PCDH15, 
ASIC1, STAT3, SLC17A7, ATXN1, PPP1R9B, ATXN3, SLC4A10, ID2, CXCL13, GPR39, GLS, USP46, ABL1, ABL2, CACNA1B 
1.383814276 0.999999994 0.088396528 4.85708999 
GO:0016049~cell growth 48 3.431022159 0.002514542 
MEGF8, PLXNA1, ENPP1, SHTN1, SYT2, ERBB2, TAF9B, BMPR2, PPT1, ITSN2, ITGB3, SRF, RASAL1, CGREF1, CDKN2A, CSNK2A1, BCL2, SERTAD3, PAFAH1B1, ZC3H12D, DCLK1, NIN, 
LIMK1, SMAD4, TP53, MUL1, IL6R, RUFY3, RND2, NOTCH2, PPP1R9B, SH3BP4, SMO, ST7L, CCR5, SEMA4F, IST1, VEGFA, SEMA4C, NAIF1, GAS2L1, SEMA4B, AKAP6, DNAJB2, BIN3, 
SMURF1, SEMA4D, ABL1 
1.554732849 0.999999994 0.088298727 4.874791835 
GO:0030155~regulation of cell adhesion 62 4.431736955 0.002559657 
PPARA, VTCN1, ITPKB, MMP2, BAG4, CDKN2A, IFNG, ANGPT2, ADAM9, DENND6A, RET, SIT1, RREB1, FLOT2, CDK6, THY1, DDR1, CCR7, CCR5, VEGFA, CCR2, ABAT, SEMA4D, PLA2G2D, 
TRIOBP, CD244, ERBB3, CYTH1, ERBB2, ONECUT2, ITGB3, CBLL1, SRF, CALCA, FGB, UBASH3B, BCL2, TRAF6, ZC3H12D, EPO, APC, ST6GAL1, VAV3, TNFSF4, PODXL, ACER2, IL1RN, 
CELSR2, EPHA2, EMILIN1, CORO1C, LAMA4, DUSP3, ATXN3, CXCL13, EPHA8, ST8SIA4, CD59, IRF1, ABL1, ABL2, SLC46A2 
1.459906078 0.999999996 0.089395653 4.960157224 
GO:0051174~regulation of phosphorus metabolic 
process 
143 10.22158685 0.002606498 
HMGCR, PPP2R5C, ITPKB, NLRC5, BAK1, DIRAS1, MYD88, CDKN2A, CDKN2B, MAP3K9, IFNG, CTDSP2, PELI2, MAP2K7, ADAM9, PPP1R37, CEP85, RET, MADD, VANGL2, SOCS4, 
PROX1, THY1, GRB10, ARFGEF3, ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, PPME1, ERBB4, ENPP1, ERBB3, MRAP, PKHD1, ELL, ERBB2, PTH1R, DRD4, 
BMPR2, AKAP13, ITGB3, SH3BP5L, LIF, ECE1, AKT1S1, UBASH3B, FGB, SCARB1, ENTPD1, TRAF6, DVL3, SASH1, LAMTOR3, VAV3, SMG5, TAOK1, MYO1D, IL1RN, SMAD4, MUL1, 
EPHA2, CORO1C, SFRP5, PPIF, P2RX7, CSRNP3, EPHA8, IKBKG, ABL1, PDZD3, ABL2, PPARA, COX11, FGF9, DICER1, UVRAG, LRRC15, BAG4, NOD1, APLN, ZFYVE1, PPP2R1B, ARHGEF2, 
TP53, CAMSAP3, IL6R, UBN1, ANKRD26, CHRM5, KSR2, SEMA4C, CEMIP, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, CD244, RTN4RL1, FFAR4, GPR65, PPP6R3, COX7A2L, 
1.259851852 0.999999997 0.090537994 5.048712474 
 259 
FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, PIK3R5, PAFAH1B1, PRKAA2, YES1, APC, EPO, PDK2, PDK3, RAF1, AMBRA1, STAT3, SIRT2, TP73, AJUBA, 
ATXN1, PPP1R9B, DUSP3, ID1, IRF1, GDF11, PPP2R4, IGFBP3, LRP4, DUSP7, DUSP6 
GO:0051262~protein tetramerization 21 1.501072194 0.002624169 ACHE, ACADS, HMGCR, CRTC1, TP53, GRIN2A, NRXN1, ACACB, KCNJ12, TP73, PPAT, CNGA2, HIST1H4A, MAT1A, GLS, RRM2, CPSF6, ACOT13, TXNRD1, DCTPP1, LRP4 2.073423894 0.999999997 0.090706103 5.082098432 
GO:1903506~regulation of nucleic acid-
templated transcription 242 17.29807005 0.002642553 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, HES2, VEGFA, ST18, PRDM1, 
ATXN1L, ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, SMAD4, RYBP, ESRRG, KLF16, CELSR2, SMAD2, 
UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, 
SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, NEO1, SEC14L2, PPP2CA, 
AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, 
LRP4, TP53INP1, HOXD1, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, 
FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, TRAF6, 
RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EBF4, EAF1, IKBKG, TDG, HIVEP2, ABL1, DDX54, DNAJB5, E2F2, E2F3, PTGES2, DICER1, 
FOXK2, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, ABLIM3, PPM1A, CALCA, 
ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, 
ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.179235055 0.999999998 0.09089604 5.116822579 
GO:0006644~phospholipid metabolic process 37 2.644746247 0.002663595 
TNFAIP8L3, CDIPT, IMPAD1, ERBB4, HMGCR, ABHD6, PHKA1, ABHD3, PIP5K1C, PI4K2B, CDS2, MTMR3, PLCB3, PGP, PIP5KL1, SCARB1, PIK3R5, MTMR6, IP6K1, ACSL6, PGAP3, 
PLA2G16, VAV3, PIK3C2B, PIK3CD, TAZ, SMG1, AMBRA1, LPCAT4, AJUBA, CHRM5, EPHA8, DPM2, MVK, PLA2G2D, PLA2G5, PIP4K2B 
1.671010845 0.999999998 0.091170905 5.156549053 
GO:0098609~cell-cell adhesion 80 5.718370264 0.002674076 
PPARA, CD8A, VTCN1, PIP5K1C, ITPKB, RORA, CDKN2A, IFNG, NT5E, ADAM9, DENND6A, CRTAM, RET, SIT1, SLA2, FLOT2, TP53, CAMSAP3, CDK6, LIG4, NRXN1, THY1, AMIGO2, CCR7, 
CCR5, VEGFA, CCR2, ABAT, SEMA4D, PLA2G2D, CD244, FUT7, ERBB2, CBLL1, ITGB3, SRF, PCDHB10, AZI2, CDH5, MYL9, SCARF2, HSH2D, CALCA, FGB, UBASH3B, FAT4, BCL2, PVRL2, 
TRAF6, GCNT1, LFNG, ZC3H12D, APC, NKX2-3, EPO, TCF7, TNFSF4, FIBP, PODXL, IL1RN, CELSR2, PCDH15, CDH12, AJUBA, DUSP3, P2RX7, CXCL13, TENM2, CD59, SP3, FREM1, ITGA7, 
IRF1, CYFIP2, TREML2, IRF4, PERP, ABL1, ABL2, SLC46A2 
1.384909148 0.999999998 0.091099854 5.176332021 
GO:0048771~tissue remodeling 24 1.715511079 0.00267894 
B4GALT1, ABR, LIPA, RAB3D, ENPP1, ERBB3, ERBB2, EFNA2, PTH1R, BMPR2, ITGB3, MMP2, EPHA2, LIF, CALCA, VDR, BAK1, NOTCH2, P2RX7, CDKN2A, UBASH3B, CCR2, VEGFA, 
TRAF6 
1.95224977 0.999999998 0.090847673 5.185510797 
GO:0016311~dephosphorylation 46 3.288062902 0.002702854 
IMPAD1, PPME1, ELL, CDC14B, PPP2R5C, PPM1A, PPP6R3, NT5DC1, BAG4, MTMR3, PGP, THTPA, NT5M, UBASH3B, BCL2, PPP2CA, IFNG, CTDSP2, MTMR6, NT5E, ZFYVE1, PPP2R1B, 
PTPRB, NUDT16, PPP1R37, PTPN18, MYO1D, EPM2A, CAMSAP3, LPIN2, PTPRO, UBN1, ACPP, CDC25A, PPP1R9B, CHRM5, DUSP3, PPP1CA, CSRNP3, ARFGEF3, PPM1H, AKAP6, 
PPP2R4, SEMA4D, DUSP7, DUSP6 
1.567997435 0.999999999 0.091211451 5.230629102 
GO:0036503~ERAD pathway 14 1.000714796 0.002738104 SYVN1, FOXRED2, MAN1B1, BRSK2, UBE2J1, EDEM1, UBAC2, ATXN3, DNAJB2, SVIP, YOD1, RNF121, ANKZF1, SEL1L 2.569627903 0.999999999 0.091934838 5.297098093 
GO:0048585~negative regulation of response to 
stimulus 120 8.577555397 0.002740377 
MASP1, HMGCR, TSPAN8, RORA, GDNF, ZNRF3, NLRC5, SCLY, LEPROT, STMN3, MADD, UBE2J1, UBR2, SOCS4, BCL2L12, PTPRO, THY1, GRB10, ARRB1, CCR2, VEGFA, ABAT, MVK, 
PRDM1, TNFAIP3, SYVN1, MCL1, ENPP1, ERBB3, PKHD1, ONECUT2, BCL2L2, ADRBK1, UBAC2, RASAL2, LIF, RASAL1, AKT1S1, AMER2, FGB, UBASH3B, BMF, LFNG, ST6GAL1, ABR, 
EPM2A, IL1RN, MUL1, EPHA2, PPIF, SFRP5, BFAR, P2RX7, ETS1, OTUB1, CXCL13, CD59, ULK3, IKBKG, RGS6, SMURF1, ABL1, ABL2, PPARA, LZTS2, LZTS1, FGF9, PHF23, MMP28, 
LRRC15, TRIAP1, HIF1AN, YOD1, NT5E, GPC1, ANGPT2, SLA2, TP53, PADI2, CDK6, NRXN1, LRPAP1, ANKRD26, SEMA4F, SEMA4C, SEMA4B, SEMA4D, PROS1, FFAR4, RTN4RL1, PPM1A, 
FEM1A, SEC14L1, CALCA, TNFRSF1B, BCL2, TAP2, NFATC4, PAFAH1B1, PRKAA2, RASA3, APC, EPO, TNFSF4, TMBIM6, RAF1, TP73, SIRT2, AJUBA, ATXN1, SLC35C1, SH3BP4, DUSP3, 
MAPK14, IRF1, SVIP, IRF4, LRP4, DUSP7, DUSP6 
1.289774623 0.999999999 0.091599921 5.301382723 
GO:0009892~negative regulation of metabolic 
process 
216 15.43959971 0.002768225 
MASP1, REST, BAK1, PGP, IFNG, TLK2, EIF2B5, PPP1R37, STC2, RREB1, GRIN2A, UBE2J1, UBR2, RNF222, PROX1, BCL2L12, THY1, GRB10, ARFGEF3, HES2, VEGFA, ST18, PRDM1, 
ATXN1L, ENPP1, ELL, TAF9B, MYT1, LIF, SH3BP5L, AHRR, UBASH3B, IKZF4, ESRRA, TCF7, ACER2, SMAD4, RYBP, KLF16, SMAD2, ACACB, SFRP5, NOTCH2, CSRNP3, SRSF6, MLX, TRPS1, 
CD59, NCOR2, BACH1, PPARA, ZBTB33, COX11, LZTS1, FGF9, CPEB3, PHF23, LRRC15, KCNIP3, ZBTB38, FOXS1, TRIAP1, BAG4, DIP2A, HIF1AN, ZFYVE1, FLOT2, TP53, IL6R, MBD1, 
MXD4, ANKRD26, SERPINB8, MAP3K10, SORT1, SEMA4D, USP2, HK2, FEM1A, BCL2, PPP2CA, AGO2, UNK, ETV6, BAZ2A, JARID2, STAT3, TP73, SNAI3, DUSP3, BRMS1, RPS6KA1, 
TENM2, GAS2L1, PPP2R4, SVIP, DUSP7, DUSP6, HMGCR, RBM4, CBX7, IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, CSNK2A1, CDKN2B, RBCK1, CTDSP2, ATOH8, SCRT1, SCRT2, RBFOX2, 
CEP85, HNRNPA2B1, SECISBP2, SIX5, SOCS4, VAX1, FOXN3, HOXD9, ARRB1, SPDEF, OPHN1, AKAP6, MVK, TNFAIP3, FGFR2, FGFR1, PKHD1, ANAPC15, DRD4, BMPR2, ITGB3, LIN28A, 
UBAC2, TRIM71, LIN28B, SRF, NR2C1, OAZ2, VDR, AKT1S1, GMIP, CRB2, OVOL1, RNF168, ENTPD1, TRAF6, RFX5, MYO1D, SUV39H1, FURIN, TRIM62, CORO1C, HOXB3, HDAC5, PPIF, 
P2RX7, OTUB1, TMLHE, TDG, DNAJB2, ABL1, DDX54, PDZD3, DNAJB5, DICER1, PCGF6, HOMEZ, YOD1, LIMK1, SLA2, SOX11, CAMSAP3, UBE2I, UBN1, SMO, BTG2, LCOR, RTN4RL1, 
TRIB2, CALCA, REL, HINFP, KLHL40, POU2F1, PAFAH1B1, NFATC4, ZC3H12D, APC, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, SIRT5, SIRT7, SIRT2, ATXN1, AJUBA, 
SH3BP4, PPP1R9B, ID2, ID1, SP3, SETD6, KDM4B, IRF1, ID3, IGFBP3, RNF40, NFIB 
1.193501982 0.999999999 0.092079744 5.353860783 
GO:0031344~regulation of cell projection 
organization 64 4.574696212 0.00280048 
RP1, LZTS1, SHTN1, PLXNA1, CPEB3, SYT2, RHOQ, ITSN2, MBP, PACSIN1, BHLHB9, RET, LIMK1, RREB1, ERMN, NRXN1, THY1, NUMBL, MARK2, RND2, FAM134C, CCR5, SEMA4F, 
VEGFA, SEMA4C, SEMA4B, BIN3, ADAMTS1, NEU1, SEMA4D, MEGF8, FGFR1, ACHE, CRTC1, BMPR2, CYTH2, SRF, LIF, RASAL1, FBXW8, GORASP1, NFATC4, PAFAH1B1, TBC1D1, 
RAP1GAP2, ACSL6, APC, EPO, RAB8B, NIN, PODXL, MUL1, RUFY3, EPHA2, CORO1C, P2RX7, SARM1, ID1, IST1, TENM2, SMURF1, ABL1, ABL2, LRP4 
1.445198568 0.999999999 0.092693984 5.414607208 
GO:0046854~phosphatidylinositol 
phosphorylation 
9 0.643316655 0.002864973 IMPAD1, PIP5KL1, PIK3C2B, PIK3CD, SMG1, PIP5K1C, PI4K2B, IP6K1, PIP4K2B 3.579124579 1 0.094313798 5.53595958 
GO:0030183~B cell differentiation 17 1.215153681 0.003000501 HMGB3, LRRC8A, CEBPG, TP53, NFAM1, DCLRE1C, NOTCH2, BAK1, ID2, SP3, BCL2, POU2F2, PRDM1, ABL1, LFNG, NFATC1, NKX2-3 2.274583845 1 0.09812723 5.790491556 
GO:0043487~regulation of RNA stability 12 0.85775554 0.003015515 RBM24, TNFRSF1B, MYD88, CPEB3, DICER1, VEGFA, ELAVL1, RBM38, MAPKAPK2, TRIM71, GDNF, ZC3H12D 2.816360325 1 0.098168529 5.818650206 
GO:2001141~regulation of RNA biosynthetic 
process 
242 17.29807005 0.003072606 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, HES2, VEGFA, ST18, PRDM1, 
ATXN1L, ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, SMAD4, RYBP, ESRRG, KLF16, CELSR2, SMAD2, 
UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, 
SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, NEO1, SEC14L2, PPP2CA, 
AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, 
LRP4, TP53INP1, HOXD1, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, 
FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, TRAF6, 
RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EBF4, EAF1, IKBKG, TDG, HIVEP2, ABL1, DDX54, DNAJB5, E2F2, E2F3, PTGES2, DICER1, 
FOXK2, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, ABLIM3, PPM1A, CALCA, 
ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, 
ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.17643212 1 0.099504806 5.925645717 
GO:0030279~negative regulation of ossification 14 1.000714796 0.003072826 FGFR1, ENPP1, CDK6, CALCA, HDAC5, ID2, ID1, BCL2, ID3, SMURF1, SEMA4D, LRP4, FNDC3B, NFATC1 2.537100967 1 0.099086289 5.926056765 
GO:0045321~leukocyte activation 72 5.146533238 0.003097938 
CD8A, LRRC8A, VTCN1, TACR1, ITPKB, RORA, CBFB, BAK1, MYD88, CDKN2A, GAB2, IFNG, TNIP2, ADAM9, CRTAM, SIT1, BATF2, SLA2, FLOT2, SOX11, PIK3CD, TP53, CDK6, LIG4, 
NFAM1, THY1, DCLRE1C, CCR7, CCR2, PRDM1, TNFAIP3, PLA2G2D, CD300LB, PRF1, CD244, HMGB3, FUT7, ERBB2, SRF, AZI2, HSH2D, BLOC1S3, BCL2, PVRL2, POU2F2, RNF168, 
TRAF6, LFNG, ZC3H12D, APC, NFATC1, NKX2-3, EPO, IL2RB, TCF7, VAV3, ABR, TNFSF4, CEBPG, NOTCH2, DUSP3, P2RX7, ID2, CD59, SP3, IRF1, TREML2, IRF4, ABL1, ABL2, MUC5B, 
SLC46A2 
1.404343159 1 0.099430685 5.973084752 
GO:0033865~nucleoside bisphosphate metabolic 
process 7 0.500357398 0.003223796 ENPP1, PANK1, MLYCD, HMGCR, HDDC3, ACACB, PPCDC 4.555249464 1 0.102823953 6.208438111 
GO:0033875~ribonucleoside bisphosphate 
metabolic process 7 0.500357398 0.003223796 ENPP1, PANK1, MLYCD, HMGCR, HDDC3, ACACB, PPCDC 4.555249464 1 0.102823953 6.208438111 
GO:0034032~purine nucleoside bisphosphate 7 0.500357398 0.003223796 ENPP1, PANK1, MLYCD, HMGCR, HDDC3, ACACB, PPCDC 4.555249464 1 0.102823953 6.208438111 
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metabolic process 
GO:1901135~carbohydrate derivative metabolic 
process 
95 6.790564689 0.003240827 
PPARA, ADCY1, IMPAD1, ALG1, HMGCR, B3GALT4, MAN1B1, RHOQ, RORA, ST6GALNAC6, MAT1A, NT5M, IFNG, B3GALNT2, GPC1, NT5E, NUDT16, PGAP3, VANGL2, TAZ, TP53, 
UBE2J1, MAN1A1, PMM2, CCR7, ARRB1, PANK1, H6PD, RRM2, DLD, VEGFA, CEMIP, AKAP6, NEU1, CLN6, SYVN1, MAMDC2, GALNT7, ENPP1, MRAP, FUT7, DRD4, HK2, BMPR2, 
GPR65, ST8SIA3, PSAPL1, ATP5G2, COX7A2L, PPCDC, EDEM1, NECAB3, TK2, PPAT, PFAS, CHIT1, CALCA, ECE1, GORASP1, BCL2, NAGA, CCDC126, FUT4, FUT1, UCK1, UCK2, PRKAA2, 
ENTPD4, TSTA3, B4GALT6, ENTPD1, GCNT1, GALNT14, B4GALNT1, B4GALT1, MGAT4A, ST6GAL1, B4GAT1, ACER2, NPL, HDDC3, ACACB, TET2, STAT3, PORCN, ACPP, PPIF, P2RX7, 
PDE7A, MLYCD, ST8SIA4, DPM2, POFUT2, ALG12, PDZD3 
1.332093379 1 0.102904103 6.240242162 
GO:0045664~regulation of neuron differentiation 65 4.64617584 0.003244043 
LZTS1, PLXNA1, SHTN1, CPEB3, SYT2, DICER1, ITSN2, REST, MBP, PACSIN1, BHLHB9, IFNG, PHOX2B, RET, LIMK1, SOX11, PROX1, NUMBL, MARK2, THY1, RND2, FAM134C, MIB1, 
CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, ADAMTS1, NEU1, SEMA4D, MEGF8, FGFR1, ACHE, CRTC1, BMPR2, CYTH2, LIN28A, SRF, LIF, RASAL1, FBXW8, GORASP1, BCL2, NFATC4, 
PAFAH1B1, RAP1GAP2, ACSL6, EPO, NTF4, NIN, MUL1, TP73, RUFY3, YWHAG, SARM1, ID2, ID1, IST1, RGS6, GDF11, SMURF1, ABL1, ABL2, LRP4 
1.431649832 1 0.102569388 6.246246814 
GO:0030098~lymphocyte differentiation 37 2.644746247 0.003247554 
HMGB3, CD8A, LRRC8A, FUT7, ERBB2, ITPKB, RORA, SRF, CBFB, BAK1, CDKN2A, BCL2, IFNG, POU2F2, LFNG, NKX2-3, NFATC1, APC, TCF7, TNFSF4, CEBPG, TP53, CDK6, LIG4, NFAM1, 
DCLRE1C, NOTCH2, CCR7, ID2, SP3, IRF1, PRDM1, IRF4, ABL1, ABL2, PLA2G2D, SLC46A2 
1.650188279 1 0.102246306 6.252801583 
GO:0048511~rhythmic process 42 3.002144389 0.003257858 
PRF1, PPARA, ERMP1, ADCY1, PDIA3, USP2, ERBB3, CRTC1, ERBB2, DRD4, RBM4, ADRBK1, RORA, MMP2, ACVR1C, CSNK2A1, BCL2, TEF, PRKAA2, LFNG, CASP2, EIF2B5, SGPL1, 
CREB1, SMAD4, GRIN2A, TP53, PROX1, BTBD9, PPP1CA, ID2, SP1, ETS1, ID1, ARRB1, VEGFA, KCNH7, ADAMTS1, ID3, DMC1, BMPR1B, NCOR2 
1.590722035 1 0.102128009 6.272038249 
GO:1990138~neuron projection extension 21 1.501072194 0.003338663 MEGF8, PLXNA1, SHTN1, LIMK1, SYT2, BMPR2, MUL1, ITSN2, SRF, RUFY3, RASAL1, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, PAFAH1B1, SEMA4D, SMURF1, DCLK1 2.031395031 1 0.104096064 6.422749682 
GO:0051961~negative regulation of nervous 
system development 
35 2.501786991 0.003359803 NRG3, ERBB4, DICER1, CYTH2, REST, LIN28A, MBP, GORASP1, IFNG, PAFAH1B1, NFATC4, RAP1GAP2, GPR173, PHOX2B, ARHGEF2, SOX11, TP53, VAX1, MBD1, TP73, SIRT2, STAT3, 
RUFY3, THY1, MIB1, CCR5, ID2, ID1, SEMA4F, GDF11, SEMA4C, SEMA4B, SEMA4D, LRP4, SRGAP2 
1.675844285 1 0.104289792 6.46214244 
GO:0071359~cellular response to dsRNA 10 0.714796283 0.003430497 MAVS, P2RX7, HNRNPA2B1, DICER1, IRF1, GRIN2A, MUL1, AGO2, LIN28A, LIN28B 3.18144407 1 0.105931534 6.593755184 
GO:0002066~columnar/cuboidal epithelial cell 
development 
12 0.85775554 0.003439752 FGFR1, SMO, YIPF6, MYO7A, DICER1, SPDEF, LRTOMT, PCDH15, PAFAH1B1, CDK6, PRDM1, SLITRK6 2.770935158 1 0.105769393 6.610972584 
GO:1901565~organonitrogen compound 
catabolic process 
31 2.215868477 0.003465898 
BCAT1, BCKDK, KMO, ANPEP, ENPEP, PPAT, CHIT1, LNPEP, ECE1, NT5M, ASRGL1, ALDH4A1, ENTPD4, SARDH, NT5E, NUDT16, SGPL1, TP53, LRTOMT, TET2, TAT, MLYCD, PDE7A, 
ARRB1, DIO3, GLS, CEMIP, LVRN, ABAT, NEU1, AGXT2 
1.74043705 1 0.106098183 6.659594764 
GO:0043010~camera-type eye development 39 2.787705504 0.003494118 
FGFR2, RP1, ACHE, DRD4, BMPR2, SRF, GDNF, LIF, BAK1, TSPAN12, CASP6, ATP2B3, TMEM231, MAP3K1, ALDH1A3, POU2F1, STRA6, CASP2, RS1, APC, HCN1, MAF, RET, RAX, 
CYP1A1, SOX11, SIX5, VAX1, PROX1, EPHA2, THY1, SLC17A7, NOTCH2, SP1, SP3, VEGFA, GDF11, SLITRK6, BMPR1B 
1.618386766 1 0.106483926 6.712049659 
GO:0098655~cation transmembrane transport 63 4.503216583 0.003499121 
KCNH1, FGF14, REST, KCNJ12, KCNJ13, KCNK10, KCNIP3, ATP2B3, SLC24A2, ASPH, SLC4A4, ANO6, SCN2B, NOS1AP, GRIN2A, CACNG2, CNGA2, AKAP6, KCNH7, KCNH8, KCNH3, 
KCNH4, SLC39A11, SLC39A13, DRD4, KCNA1, CACNB1, CACNB2, ATP5G2, CACNB3, COX7A2L, KCNA7, KCNS3, TMEM37, PPP2CA, SLC39A8, MTMR6, HCN4, SLC31A1, HCN3, SCN5A, 
EPO, HCN1, SLC8A2, SLC12A3, SLC6A15, ASIC1, SLC17A7, PPIF, P2RX4, SLC4A10, P2RX7, P2RX6, KCNJ9, SLC7A1, SLC18A3, SCN4B, ATP6AP1L, SCARA5, CHRNA10, SCN4A, SLC46A1, 
CACNA1B 
1.436209226 1 0.106199468 6.721345736 
GO:0006468~protein phosphorylation 148 10.57898499 0.003522675 
HMGCR, FGF14, RBM4, ITPKB, BAK1, DIRAS1, MYD88, CSNK2A1, CDKN2A, CDKN2B, MAP3K9, IFNG, PELI2, CTDSP2, TLK2, MAP2K7, ADAM9, CEP85, RET, CSNK1G1, MADD, VANGL2, 
PIK3CD, SOCS4, PROX1, THY1, MARK2, CCR5, ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, ERBB4, ENPP1, ERBB3, PKHD1, ERBB2, PEAK1, PHKA1, DRD4, 
BMPR2, AKAP13, ADRBK1, EPHA10, MAPKAPK2, ITGB3, SH3BP5L, LIF, ECE1, AKT1S1, FGB, UBASH3B, TRAF6, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, SMAD4, MUL1, SMG1, SMAD2, 
EPHA2, CORO1C, GLYCTK, SFRP5, P2RX7, CDC42BPG, EPHA8, ULK3, IKBKG, ABL1, ABL2, CDK19, KCNH1, BCKDK, FGF9, UVRAG, LRRC15, ACVR1C, BAG4, ADCK1, NOD1, CDK16, 
ARHGEF2, LIMK1, TP53, CDK6, IL6R, ANKRD26, DDR1, KSR2, SEMA4C, CEMIP, MAP3K10, KCNH8, SEMA4D, MAP3K13, KCNH3, KCNH4, PLA2G5, MAP3K11, RTN4RL1, FFAR4, BRSK2, 
MKNK2, FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, SPEG, BCL2, MAP3K1, PPP2CA, PAFAH1B1, PRKAA2, YES1, DCLK1, APC, EPO, PDK2, ALPK3, CREB1, PDK3, RAF1, SIRT2, 
TP73, AJUBA, PPP1R9B, DUSP3, RPS6KA1, MAPK12, ID1, MAPK14, IRF1, GDF11, BMPR1B, IGFBP3, LRP4, DUSP7, DUSP6 
1.241993992 1 0.106448051 6.765101577 
GO:0035871~protein K11-linked deubiquitination 5 0.357398142 0.003524376 USP37, YOD1, TNFAIP3, OTUB2, VCPIP1 7.158249158 1 0.106072053 6.768259677 
GO:0006629~lipid metabolic process 103 7.362401716 0.003739389 
CYP24A1, CDIPT, IMPAD1, HMGCR, REST, RORA, PI4K2B, ELOVL1, ACSS1, PGP, PIP5KL1, SCLY, ELOVL4, IFNG, ELOVL6, SGPL1, CYP1A1, TAZ, PCTP, PIK3CD, LYPLA2, PNPLA1, PROX1, 
LPCAT4, DLD, MVK, NEU1, PLA2G2D, FGFR1, TNFAIP8L3, ERBB4, PHKA1, ACSBG2, PPT1, ST8SIA3, CERS3, VDR, SULT4A1, DAGLA, NAGA, SCARB1, B4GALT6, PLAGL2, NKX2-3, VAV3, 
ACER2, SCD, IL1RN, SMG1, ACACB, P2RX7, EPHA8, MLYCD, ST8SIA4, NAA40, PIP4K2B, PPARA, CYP11B2, PIP5K1C, CDS2, ST6GALNAC6, PLCB3, STRA6, IP6K1, NT5E, PGAP3, ACADS, 
PIK3C2B, LPIN2, ANKRD26, CHRM5, DGAT1, TYSND1, PLA2G5, SLC27A4, CLN6, ABHD6, ABHD3, PSAPL1, SEC14L2, MTMR3, FAM135B, ALDH1A3, PAFAH1B1, PIK3R5, PRKAA2, 
MTMR6, ACSL6, B4GALNT1, PDK2, PLA2G16, LIPA, TNFSF4, CREB1, PDK3, AMBRA1, SIRT2, AJUBA, SLC35C1, MAPK14, DPM2, LIPH, ALOX5 
1.307268907 1 0.111733762 7.166766862 
GO:0006470~protein dephosphorylation 37 2.644746247 0.00381576 
PPME1, ELL, CDC14B, PPP2R5C, PPM1A, PPP6R3, BAG4, MTMR3, PGP, UBASH3B, BCL2, PPP2CA, IFNG, CTDSP2, MTMR6, ZFYVE1, PPP2R1B, PTPRB, PPP1R37, PTPN18, MYO1D, 
EPM2A, CAMSAP3, PTPRO, UBN1, CDC25A, PPP1R9B, DUSP3, PPP1CA, CSRNP3, ARFGEF3, PPM1H, AKAP6, PPP2R4, SEMA4D, DUSP7, DUSP6 1.634908758 1 0.113436335 7.307923861 
GO:0050769~positive regulation of neurogenesis 49 3.502501787 0.00382755 
SHTN1, CPEB3, SYT2, DICER1, ITSN2, PACSIN1, BHLHB9, IFNG, PHOX2B, RET, LIMK1, SOX11, LIG4, PROX1, MARK2, NUMBL, RND2, SMO, FAM134C, CCR5, VEGFA, NEU1, ADAMTS1, 
SEMA4D, MEGF8, FGFR1, ACHE, CRTC1, BMPR2, LIN28A, SRF, LIF, RASAL1, FBXW8, BCL2, PAFAH1B1, ACSL6, EPO, NIN, MUL1, RUFY3, TP73, ATXN1, ID2, IST1, RGS6, SMURF1, ABL1, 
ABL2 
1.515136971 1 0.113320655 7.329698478 
GO:0030516~regulation of axon extension 16 1.143674053 0.003869985 MEGF8, SHTN1, PLXNA1, LIMK1, BMPR2, SRF, RUFY3, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, PAFAH1B1, SMURF1, SEMA4D, ABL1 2.290639731 1 0.114057548 7.408026032 
GO:2000112~regulation of cellular 
macromolecule biosynthetic process 
265 18.9421015 0.00394527 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, RBM8A, IFNG, DHX33, MAP2K7, EIF2B5, GTPBP2, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, PPP1CA, 
GRB10, CCR7, MTF1, MED15, VEGFA, HES2, ST18, PRDM1, ATXN1L, ENPP1, ERBB4, ELL, ERBB2, CRTC1, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, 
ESRRA, KLF13, ACER2, KLF16, SMAD4, RYBP, ESRRG, CELSR2, SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, 
CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, 
SEMA4D, MAP3K13, EIF5A2, MEGF8, LCORL, USP2, MKNK2, NEO1, NECAB3, SEC14L2, BCL2, PPP2CA, AGO2, UNK, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, 
ELAVL1, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, SVIP, RBM14, LRP4, TP53INP1, RBM4, HOXD1, GDNF, CBX7, CBFB, 
IGHMBP2, NLRC5, EIF4EBP1, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, 
SPDEF, MVK, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, LIN28A, TRIM71, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, TRAF6, RHEBL1, 
RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EAF1, EBF4, IKBKG, TDG, HIVEP2, ABL1, DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, RHOQ, 
ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, WIZ, SBNO1, ABLIM3, PPM1A, CALCA, 
ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, ZC3H12D, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, 
ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.160560433 1 0.115695345 7.546833174 
GO:0007169~transmembrane receptor protein 
tyrosine kinase signaling pathway 50 3.573981415 0.004008983 
FGF5, FGF9, FGF14, EFNA2, RHOQ, EIF4EBP1, GAB2, CCBE1, LEPROT, ANGPT2, GPC1, SGPL1, RET, SOCS4, PIGR, DOK1, DDR1, ANKRD26, SS18, GRB10, VEGFA, SORT1, FGFR2, FGFR1, 
ERBB4, ENPP1, ERBB3, ERBB2, BMPR2, EPHA10, MAPKAPK2, ITGB3, TRIM71, AKT1S1, FAT4, YES1, PDK2, NTF4, BAIAP2L1, RAF1, EPHA2, STAT3, SIRT2, ATXN1, EPHA8, CSRNP1, 
MAPK14, ABL1, ABL2, IGFBP3 
1.503833857 1 0.116999108 7.664150408 
GO:0042592~homeostatic process 139 9.935668335 0.004020258 
RP1, HMGCR, RBM4, ITPKB, RORA, BAK1, ATP2B3, CDKN2A, IFNG, ASPH, SLC4A4, MAP2K7, TMPRSS13, RBFOX2, SCN2B, STC2, TTC7A, HNRNPA2B1, PIK3CD, BTBD9, THY1, DCLRE1C, 
SSTR5, CCR7, CCR5, ARRB1, CCR2, DLD, VEGFA, AKAP6, ABAT, TNFAIP3, ERBB4, ENPP1, PKHD1, PTH1R, KCNA1, PPT1, ITGB3, MYT1, SRF, FAM65B, VDR, UBASH3B, SCARB1, HCN4, 
TRAF6, SLC28A2, SLC31A1, TMEM79, NKX2-3, HCN1, MUC2, SMG5, KLF13, SCD, IL1RN, SMAD4, SMG1, PCDH15, ACACB, TET2, P2RX4, SLC4A10, P2RX7, ETS1, CXCL13, FLG, BBC3, 
GPR39, IKBKG, RHOT2, ABL1, SCARA5, ABL2, NCOR2, SLC46A2, PTGES2, PDIA3, LRRC8A, CYP11B2, TACR1, TTPA, ANPEP, STXBP5L, SLC24A2, COL11A2, CDK16, APLN, ANO6, ACADS, 
TP53, CDK6, PIGR, NRXN1, ANKRD26, SMO, SLC26A6, DGAT1, SLC26A9, TXNRD3, CEMIP, TXNRD1, CLN6, RAB3D, SLC39A13, BRSK2, HK2, NEO1, HSH2D, CALCA, ERCC6, BCL2, TAP2, 
PPP2CA, PRKAA2, EHD1, QSOX2, RASA3, SCN5A, APC, EPO, PDK2, SLC8A2, LIPA, TMBIM6, CEBPG, PDK3, RAF1, APPL1, STAT3, SLC17A7, DRAM2, ID2, SP1, SP3, MAPK14, GAS2L1, 
CHRNA10 
1.24921109 1 0.116857157 7.684896281 
GO:0019220~regulation of phosphate metabolic 
process 141 10.07862759 0.004071964 
HMGCR, PPP2R5C, ITPKB, NLRC5, BAK1, DIRAS1, MYD88, CDKN2A, CDKN2B, MAP3K9, IFNG, CTDSP2, PELI2, MAP2K7, ADAM9, PPP1R37, CEP85, RET, MADD, VANGL2, SOCS4, 
PROX1, THY1, GRB10, ARFGEF3, ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, PPME1, ERBB4, ENPP1, ERBB3, MRAP, PKHD1, ELL, ERBB2, PTH1R, DRD4, 1.246065594 1 0.117817293 7.779980561 
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BMPR2, AKAP13, ITGB3, SH3BP5L, LIF, ECE1, AKT1S1, UBASH3B, FGB, SCARB1, ENTPD1, TRAF6, DVL3, SASH1, LAMTOR3, VAV3, SMG5, TAOK1, MYO1D, IL1RN, SMAD4, MUL1, 
EPHA2, CORO1C, SFRP5, PPIF, P2RX7, CSRNP3, EPHA8, IKBKG, ABL1, PDZD3, ABL2, PPARA, COX11, FGF9, DICER1, UVRAG, LRRC15, BAG4, NOD1, APLN, ZFYVE1, PPP2R1B, ARHGEF2, 
TP53, CAMSAP3, IL6R, UBN1, ANKRD26, CHRM5, KSR2, SEMA4C, CEMIP, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, CD244, RTN4RL1, FFAR4, GPR65, PPP6R3, COX7A2L, 
FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, PIK3R5, PAFAH1B1, PRKAA2, YES1, APC, EPO, RAF1, AMBRA1, STAT3, SIRT2, TP73, AJUBA, ATXN1, 
PPP1R9B, DUSP3, ID1, IRF1, GDF11, PPP2R4, IGFBP3, LRP4, DUSP7, DUSP6 
GO:0010634~positive regulation of epithelial cell 
migration 
16 1.143674053 0.004259311 FGFR1, SASH1, RREB1, TACR1, BMPR2, ITGB3, PROX1, CCR5, GAB2, ETS1, MAPK14, IFNG, VEGFA, CCBE1, ATOH8, ADAM9 2.267960129 1 0.122433777 8.123722042 
GO:0048588~developmental cell growth 26 1.858470336 0.004274496 
MEGF8, PLXNA1, NIN, SHTN1, LIMK1, SYT2, BMPR2, MUL1, ITSN2, SRF, RUFY3, RND2, RASAL1, SMO, CCR5, SEMA4F, IST1, VEGFA, SEMA4C, AKAP6, SEMA4B, PAFAH1B1, SMURF1, 
SEMA4D, ABL1, DCLK1 
1.824651746 1 0.122377592 8.151530432 
GO:0010256~endomembrane system 
organization 51 3.645461044 0.004282749 
ATL2, SHTN1, RHOQ, MTSS1L, LRRC15, KCNIP3, BAG4, PACSIN1, IFNG, ANO3, VPS4B, GOLGA5, ANO6, VCPIP1, STX6, BSG, TTC7A, FLOT2, PARP11, NRXN1, BIN2, MYO18A, SPTB, 
PACS2, USP8, PPIL2, TJAP1, RAB43, FBXW8, GORASP1, FAT4, STX18, BLOC1S3, PVRL2, PAFAH1B1, SH3TC2, NBEAL2, SEC23IP, BAIAP2L1, CREB1, TSPAN14, SUN1, APPL1, TMED9, 
REEP3, EPHA2, MICALL1, PPP1R9B, P2RX7, RAB22A, SNX33 
1.490084519 1 0.122136391 8.166641004 
GO:0032446~protein modification by small 
protein conjugation 68 4.860614725 0.004298528 
BACH1, CDC14B, UBE2G1, PHF23, SPRTN, KLHDC7B, MED20, ZNRF3, CBFB, CDKN2A, CTU1, TRIM9, RBCK1, KLHL24, VCPIP1, LIMK1, HERC6, TAZ, UBE2J1, SOCS4, UBE2I, UBR2, 
RNF222, MIB1, ARRB1, UBE2W, TNFAIP3, KBTBD11, ASB4, FBXO10, ANAPC16, SYVN1, PPIL2, ASB11, ASB13, CBLL1, TRIM71, FEM1A, UBE2R2, AHRR, FBXW8, TRIM68, BCL2, MAP3K1, 
KLHL40, RNF168, TRAF6, RNF121, FBXO45, APC, RNF144A, RNF144B, SASH1, RYBP, MUL1, UBOX5, UBE2L3, TRIM62, MARCH4, BFAR, AREL1, OTUB1, TCEB2, KLHL31, DNAJB2, 
SMURF1, ABL1, RNF40 
1.400750914 1 0.122097653 8.195522714 
GO:0098662~inorganic cation transmembrane 
transport 
56 4.002859185 0.004369566 
KCNH1, FGF14, REST, KCNJ12, KCNJ13, KCNIP3, KCNK10, ATP2B3, SLC24A2, ASPH, SLC4A4, ANO6, SCN2B, NOS1AP, GRIN2A, CACNG2, CNGA2, AKAP6, KCNH7, KCNH8, KCNH3, 
KCNH4, SLC39A11, SLC39A13, DRD4, KCNA1, CACNB1, CACNB2, ATP5G2, CACNB3, COX7A2L, KCNA7, KCNS3, TMEM37, PPP2CA, SLC39A8, MTMR6, HCN4, SLC31A1, HCN3, SCN5A, 
HCN1, SLC8A2, SLC12A3, ASIC1, SLC17A7, SLC4A10, KCNJ9, SLC18A3, SCN4B, ATP6AP1L, CHRNA10, SCARA5, SLC46A1, SCN4A, CACNA1B 
1.460334983 1 0.12352506 8.325447854 
GO:0050772~positive regulation of axonogenesis 13 0.929235168 0.004404687 RND2, MEGF8, ACHE, NIN, SHTN1, LIMK1, IST1, VEGFA, BMPR2, PAFAH1B1, SEMA4D, SRF, RUFY3 2.549513399 1 0.123991709 8.389617277 
GO:0035295~tube development 68 4.860614725 0.004458939 
FGF9, DICER1, LUZP1, GDNF, BAK1, EIF4EBP1, CCBE1, STRA6, ATOH8, IPMK, FNDC3B, RET, CYP1A1, SOX11, HNRNPA2B1, VANGL2, PROX1, MIB1, DDR1, SMO, PPP1CA, VEGFA, 
SEMA4C, SPDEF, PRDM1, ATXN1L, FGFR2, MEGF8, FGFR1, BMPR2, TRIM71, SRF, STARD13, LIF, VDR, FAT4, BCL2, NFATC4, TRAF6, NKX2-3, B4GALT1, DVL3, TCF7, LIPA, YIPF6, CREB1, 
PODXL, TMBIM6, TBX4, SMAD4, SMAD2, AMBRA1, SEPN1, TP73, EPHA2, ATXN1, SFRP5, HDAC5, NOTCH2, SP1, ID2, SRSF6, ID1, TRPS1, SP3, GDF11, NCOR2, NFIB 
1.398738341 1 0.124956844 8.488657396 
GO:0005975~carbohydrate metabolic process 68 4.860614725 0.004458939 
PPARA, IMPAD1, COX11, ALG1, B3GALT4, MAN1B1, RORA, ST6GALNAC6, PGP, SLC23A2, B3GALNT2, HHIPL1, TP53, UBE2J1, MAN1A1, TAT, PPP1CA, GRB10, UGT2B17, H6PD, 
GLB1L2, NEU1, CD244, SYVN1, SORD, GALNT7, ENPP1, FUT7, PTH1R, PHKA1, HK2, ATHL1, ST8SIA3, EDEM1, CHIT1, GORASP1, CCDC126, NAGA, FUT4, FUT1, GK5, PRKAA2, B4GALT6, 
GALNT14, B4GALNT1, B4GALT1, PDK2, MGAT4A, ST6GAL1, B4GAT1, WDR5, PDK3, ACER2, EPM2A, NPL, ACACB, TET2, STAT3, SLC35C1, P2RX7, GANC, MLYCD, MAPK14, ST8SIA4, 
DPM2, POFUT2, ALG12, IGFBP3 
1.398738341 1 0.124956844 8.488657396 
GO:0097659~nucleic acid-templated 
transcription 
245 17.51250893 0.004506215 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, VEGFA, HES2, ST18, PRDM1, 
ATXN1L, ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, DIDO1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, SMAD4, RYBP, ESRRG, KLF16, CELSR2, 
SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, 
NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, 
NEO1, SEC14L2, PPP2CA, AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, 
MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, HOXD1, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, 
HNRNPA2B1, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, 
OVOL1, TEF, RNF168, TRAF6, RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EBF4, EAF1, IKBKG, TDG, HIVEP2, ABL1, DDX54, DNAJB5, E2F2, 
E2F3, PTGES2, FOXK2, DICER1, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, 
ABLIM3, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, 
ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.166071173 1 0.125731143 8.574880753 
GO:0034976~response to endoplasmic reticulum 
stress 
26 1.858470336 0.004555035 SYVN1, STC2, PDIA3, TMBIM6, FOXRED2, TP53, MAN1B1, BRSK2, UBE2J1, EDEM1, UBAC2, BAK1, BFAR, ATXN3, BBC3, BCL2, IFNG, IKBKG, DNAJB2, SVIP, YOD1, ABL1, RNF121, 
ANKZF1, EIF2B5, SEL1L 
1.815751006 1 0.126538853 8.663837586 
GO:0051403~stress-activated MAPK cascade 27 1.929949964 0.004602553 HMGCR, FGF14, RBM4, MAPKAPK2, MYD88, NOD1, ERCC6, MAP3K3, MAP3K1, PAFAH1B1, TRAF6, MAP2K7, SASH1, DVL3, TAOK1, IL1RN, VANGL2, MUL1, TP73, SFRP5, DUSP3, 
MAPK14, VEGFA, SEMA4C, MAP3K10, MAP3K13, MAP3K11 
1.78956229 1 0.127305859 8.750343019 
GO:0022612~gland morphogenesis 20 1.429592566 0.004646544 FGFR2, B4GALT1, FGFR1, NRG3, PLXNA1, ERBB3, ERBB2, TET2, MMP2, PROX1, EPHA2, VDR, DDR1, NOTCH2, CDKN2A, RPS6KA1, BCL2, TNFAIP3, NKX2-3, NFIB 2.016408214 1 0.127975428 8.830359044 
GO:0048864~stem cell development 34 2.430307362 0.004665223 
FGFR2, FGFR1, ERBB4, DICER1, LIN28A, GDNF, LIF, CDKN2A, CRB2, BCL2, PPP2CA, NFATC1, APC, PHOX2B, RET, SOX11, VANGL2, SMAD4, RAF1, SMAD2, LIG4, TRIM62, PROX1, STAT3, 
CORO1C, SMO, SS18, MED15, SEMA4F, SETD6, SEMA4C, DIS3L2, SEMA4B, SEMA4D 
1.655649465 1 0.127990074 8.864314232 
GO:0010556~regulation of macromolecule 
biosynthetic process 
272 19.4424589 0.004681683 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, RBM8A, IFNG, DHX33, MAP2K7, EIF2B5, GTPBP2, PHOX2B, RREB1, TADA2B, UBE2J1, UBR2, RNF222, PROX1, BCL2L12, SPAG8, 
PPP1CA, GRB10, CCR7, MTF1, MED15, VEGFA, HES2, CCR2, ST18, PRDM1, ATXN1L, ENPP1, ERBB4, ELL, ERBB2, CRTC1, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, 
DVL3, IKZF4, TCF7, ESRRA, KLF13, ACER2, KLF16, SMAD4, RYBP, ESRRG, CELSR2, SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, CSRNP1, TRPS1, SMURF1, NCOR2, BACH1, 
PPARA, ZBTB33, CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, MXD4, JMY, SS18, BRWD1, 
MAP3K10, KCNH8, SEMA4D, MAP3K13, EIF5A2, MEGF8, LCORL, USP2, MKNK2, NEO1, NECAB3, SEC14L2, BCL2, PPP2CA, AGO2, UNK, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, 
DGKQ, JARID2, TBX4, ELAVL1, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, SVIP, RBM14, LRP4, TP53INP1, RBM4, HOXD1, 
GDNF, CBX7, CBFB, IGHMBP2, NLRC5, EIF4EBP1, CSNK2A1, CDKN2A, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, 
FOXN3, HOXD9, ARRB1, SPDEF, MVK, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, ITGB3, MAPKAPK2, LIN28A, TRIM71, LIN28B, SRF, NR2C1, VDR, FOXQ1, 
CRB2, OVOL1, TEF, RNF168, TRAF6, RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, FURIN, HOXB3, HDAC5, EAF1, EBF4, IKBKG, TDG, HIVEP2, ABL1, DDX54, 
DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, 
KPNA6, LCOR, WIZ, SBNO1, ABLIM3, PPM1A, TRIB2, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, ZC3H12D, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, 
CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.153803716 1 0.127947892 8.89422542 
GO:0010975~regulation of neuron projection 
development 
50 3.573981415 0.004706142 
MEGF8, FGFR1, ACHE, LZTS1, SHTN1, PLXNA1, CPEB3, CRTC1, SYT2, BMPR2, CYTH2, ITSN2, SRF, MBP, LIF, RASAL1, PACSIN1, FBXW8, BHLHB9, GORASP1, NFATC4, PAFAH1B1, 
RAP1GAP2, ACSL6, EPO, RET, NIN, LIMK1, MUL1, RUFY3, THY1, MARK2, NUMBL, RND2, FAM134C, SARM1, CCR5, ID1, SEMA4F, IST1, VEGFA, SEMA4C, SEMA4B, NEU1, ADAMTS1, 
SMURF1, SEMA4D, ABL1, ABL2, LRP4 
1.491301908 1 0.128109715 8.938655958 
GO:0048863~stem cell differentiation 42 3.002144389 0.00471156 FGFR2, FGFR1, ERBB4, DICER1, REST, LIN28A, SRF, GDNF, LIF, CDKN2A, CRB2, BCL2, PPP2CA, NFATC1, APC, PHOX2B, RET, NTF4, JARID2, SOX11, VANGL2, SMAD4, RAF1, ELAVL1, 
SMAD2, CDK6, LIG4, TRIM62, PROX1, STAT3, CORO1C, SS18, SMO, MED15, SEMA4F, SETD6, SEMA4C, DIS3L2, SEMA4B, SP7, POFUT2, SEMA4D 
1.557753703 1 0.127787322 8.948494349 
GO:0010921~regulation of phosphatase activity 19 1.358112938 0.004725378 PPP2R1B, PPP1R37, PPME1, ELL, MYO1D, PPP2R5C, PPP6R3, CAMSAP3, UBN1, BAG4, PPP1R9B, CSRNP3, ARFGEF3, PPP2CA, IFNG, AKAP6, PPP2R4, SEMA4D, ZFYVE1 2.060708091 1 0.127679661 8.97358491 
GO:0010563~negative regulation of phosphorus 
metabolic process 56 4.002859185 0.004857999 
COX11, HMGCR, LRRC15, BAK1, BAG4, CDKN2A, CDKN2B, CTDSP2, ZFYVE1, CEP85, PPP1R37, TP53, CAMSAP3, SOCS4, UBN1, THY1, ANKRD26, GRB10, ARFGEF3, ARRB1, AKAP6, 
SEMA4D, TNFAIP3, ENPP1, RTN4RL1, ELL, DRD4, FEM1A, LIF, SH3BP5L, AKT1S1, UBASH3B, PPP2CA, PAFAH1B1, ENTPD1, APC, MYO1D, TP73, SIRT2, STAT3, CORO1C, SFRP5, PPIF, 
ATXN1, AJUBA, PPP1R9B, DUSP3, P2RX7, CSRNP3, IRF1, PPP2R4, ABL1, PDZD3, IGFBP3, DUSP7, DUSP6 
1.449771981 1 0.13055969 9.214047691 
GO:0045936~negative regulation of phosphate 
metabolic process 
56 4.002859185 0.004857999 
COX11, HMGCR, LRRC15, BAK1, BAG4, CDKN2A, CDKN2B, CTDSP2, ZFYVE1, CEP85, PPP1R37, TP53, CAMSAP3, SOCS4, UBN1, THY1, ANKRD26, GRB10, ARFGEF3, ARRB1, AKAP6, 
SEMA4D, TNFAIP3, ENPP1, RTN4RL1, ELL, DRD4, FEM1A, LIF, SH3BP5L, AKT1S1, UBASH3B, PPP2CA, PAFAH1B1, ENTPD1, APC, MYO1D, TP73, SIRT2, STAT3, CORO1C, SFRP5, PPIF, 
ATXN1, AJUBA, PPP1R9B, DUSP3, P2RX7, CSRNP3, IRF1, PPP2R4, ABL1, PDZD3, IGFBP3, DUSP7, DUSP6 
1.449771981 1 0.13055969 9.214047691 
GO:0060560~developmental growth involved in 29 2.072909221 0.004911793 FGFR2, MEGF8, PLXNA1, SHTN1, SYT2, BMPR2, ITSN2, SRF, RASAL1, PAFAH1B1, DCLK1, NIN, LIMK1, VANGL2, MUL1, RUFY3, SFRP5, RND2, SMO, CCR5, SEMA4F, IST1, VEGFA, 1.737148331 1 0.131441874 9.311413114 
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morphogenesis SEMA4C, SEMA4B, BIN3, SEMA4D, SMURF1, ABL1 
GO:0048546~digestive tract morphogenesis 11 0.786275911 0.00493418 SFRP5, FGFR2, TCF7, ID2, SOX11, BCL2, VANGL2, STRA6, SMAD2, TP73, NKX2-3 2.812169312 1 0.131535377 9.351904017 
GO:0045844~positive regulation of striated 
muscle tissue development 12 0.85775554 0.005005468 FGFR2, FGFR1, ERBB4, USP2, ERBB3, FGF9, HMGCR, CREB1, BCL2, MAPK14, AKAP6, GPC1 2.643045843 1 0.132839506 9.480725241 
GO:0048636~positive regulation of muscle organ 
development 12 0.85775554 0.005005468 FGFR2, FGFR1, ERBB4, USP2, ERBB3, FGF9, HMGCR, CREB1, BCL2, MAPK14, AKAP6, GPC1 2.643045843 1 0.132839506 9.480725241 
GO:0044255~cellular lipid metabolic process 80 5.718370264 0.005054286 
PPARA, IMPAD1, CDIPT, HMGCR, PIP5K1C, PI4K2B, ELOVL1, CDS2, ST6GALNAC6, ACSS1, PLCB3, PGP, PIP5KL1, ELOVL4, STRA6, ELOVL6, IP6K1, PGAP3, SGPL1, CYP1A1, ACADS, 
PIK3C2B, TAZ, PIK3CD, LYPLA2, LPIN2, LPCAT4, CHRM5, DGAT1, DLD, TYSND1, NEU1, MVK, PLA2G2D, PLA2G5, SLC27A4, CLN6, TNFAIP8L3, ERBB4, ABHD6, PHKA1, ACSBG2, ABHD3, 
PSAPL1, ST8SIA3, CERS3, MTMR3, DAGLA, FAM135B, ALDH1A3, NAGA, PIK3R5, SCARB1, PRKAA2, MTMR6, B4GALT6, ACSL6, B4GALNT1, NKX2-3, PDK2, PLA2G16, VAV3, LIPA, ACER2, 
SCD, PDK3, SMG1, ACACB, AMBRA1, SIRT2, AJUBA, SLC35C1, P2RX7, EPHA8, MLYCD, MAPK14, ST8SIA4, DPM2, ALOX5, PIP4K2B 
1.350613049 1 0.133578489 9.56884146 
GO:1901700~response to oxygen-containing 
compound 
153 10.93638313 0.005202613 
CYP24A1, HMGCR, RBM4, RORA, MMP2, GDNF, BAK1, EIF4EBP1, MYD88, CDKN2A, SCLY, IFNG, LEPROT, ASPH, MAP2K7, MTUS1, EIF2B5, ADAM9, RET, BSG, STC2, CYP1A1, GRIN2A, 
UBR2, SSTR5, GRB10, CCR7, SSTR3, CCR5, ARRB1, RASGRF1, VEGFA, ABAT, AKAP6, ADAMTS1, PRDM1, TNFAIP3, CD300LB, SLC38A9, ERBB4, ENPP1, ERBB3, ERBB2, DRD4, ELK1, 
ADRBK1, MAPKAPK2, ITGB3, SRF, PPAT, VDR, DAGLA, SCARB1, HCN4, ENTPD1, TRAF6, HCN3, GCNT1, HCN1, MUC2, SASH1, ESRRA, LAMTOR3, ST6GAL1, ABR, ACER2, SCD, IL1RN, 
SMAD2, HDAC5, PPIF, P2RX4, P2RX7, P2RX6, SARM1, ETS1, CXCL13, GPR39, ABL1, ABL2, NCOR2, KLF3, CACNA1B, CDK19, PPARA, PDIA3, CPEB3, TACR1, CYP11B2, MAN1B1, DUOX1, 
RHOQ, ACVR1C, MBP, GSS, CASP6, NOD1, CSF2RB, TNIP2, LOXL1, ANGPT2, ARHGEF2, TP53, IL6R, MBD1, ANKRD26, SMO, SLC26A6, UGT2B17, BTG2, H6PD, SORT1, PROS1, PLA2G5, 
PRF1, FFAR4, ATP5G2, EDEM1, TNFRSF1B, ERCC6, BCL2, IL10RA, PPP2CA, PRKAA2, YES1, BDH1, ACSL6, APC, EPO, COL4A3, PDK2, DGKQ, SLC8A2, TNFSF4, BAIAP2L1, TMBIM6, 
CREB1, PDK3, RAF1, STAT3, SIRT2, PPP1R9B, SH3BP4, YWHAG, ID1, MAPK14, IRF1, SETD7, USP46, ID3, ABCC5, RNF40, TP53INP1 
1.226441345 1 0.136748991 9.836071767 
GO:2001223~negative regulation of neuron 
migration 5 0.357398142 0.005234654 GPR173, NRG3, ERBB4, STAT3, SRGAP2 6.507499235 1 0.137056183 9.893698842 
GO:0061024~membrane organization 75 5.360972123 0.00529958 
HPS6, UVRAG, VPS37B, RHOQ, PHF23, ATP10D, MTSS1L, LRRC15, GDNF, VPS33A, RAB3IP, MBP, KCNIP3, FAM73A, BAK1, TRIAP1, BAG4, PACSIN1, TRIM9, IFNG, ANO3, VPS4B, ANO6, 
VCPIP1, STX6, BSG, TTC7A, FLOT2, TAZ, TP53, PARP11, NRXN1, PIGR, MFN1, LETM1, ATG4D, CEMIP, NAIF1, BIN2, MYO18A, SPTB, SNAP29, PACS2, RTP1, ERBB2, PPIL2, CACNB1, 
HK2, CALCOCO2, PPT1, FAT4, STX18, BCL2, PVRL2, PAFAH1B1, SH3TC2, VAV3, RAB8B, BAIAP2L1, TSPAN14, MUL1, SUN1, APPL1, TMED9, REEP3, EPHA2, STAT3, MICALL1, PPIF, 
PPP1R9B, P2RX7, BBC3, RHOT2, SNX33, LRP4 
1.36261088 1 0.138158631 10.0103644 
GO:0032102~negative regulation of response to 
external stimulus 33 2.358827734 0.00552757 
PPARA, LZTS1, FFAR4, HMGCR, PHF23, TSPAN8, MMP28, RORA, FEM1A, SEC14L1, TNFRSF1B, UBASH3B, FGB, ANGPT2, NT5E, ST6GAL1, ABR, TP53, PADI2, MUL1, NRXN1, SIRT2, 
CXCL13, ETS1, SEMA4F, SEMA4C, SEMA4B, ABAT, MVK, PRDM1, SEMA4D, TNFAIP3, PROS1 1.651903652 1 0.143176931 10.41890641 
GO:0006401~RNA catabolic process 19 1.358112938 0.005538075 GTPBP2, NUDT16, PAN2, CPEB3, PNPT1, SECISBP2, SMG1, LIN28A, LIN28B, DIS3, BTG2, RBM8A, DCP1A, EDC3, DIS3L2, LSM4, AGO2, MAGOHB, ZC3H12D 2.029951254 1 0.142939716 10.43768705 
GO:0043269~regulation of ion transport 62 4.431736955 0.005538877 
KCNH1, LRRC8A, FGF14, KCNJ12, GDNF, KCNJ13, KCNIP3, KCNK10, BAK1, TRIAP1, KLHL24, ASPH, ANO6, SCN2B, NOS1AP, STC2, GRIN2A, NRXN1, CACNG2, THY1, RASGRF2, RASGRF1, 
CEMIP, AKAP6, KCNH7, ABAT, KCNH8, KCNH3, KCNH4, PPME1, DRD4, KCNA1, CACNB1, CACNB2, CACNB3, ITGB3, KCNA7, KCNS3, CALCA, VDR, TMEM37, UBASH3B, BCL2, PPP2CA, 
ENTPD1, HCN4, HCN3, SCN5A, ACSL6, EPO, HCN1, IL1RN, PPIF, P2RX4, P2RX7, KCNJ9, GPR39, SCN4B, WDR1, ABL1, SCN4A, CACNA1B 
1.411165176 1 0.1424727 10.43912149 
GO:1901863~positive regulation of muscle tissue 
development 12 0.85775554 0.005637073 FGFR2, FGFR1, ERBB4, USP2, ERBB3, FGF9, HMGCR, CREB1, BCL2, MAPK14, AKAP6, GPC1 2.602999694 1 0.144322614 10.61449995 
GO:0006402~mRNA catabolic process 17 1.215153681 0.005656155 GTPBP2, NUDT16, PAN2, CPEB3, PNPT1, SECISBP2, SMG1, DIS3, BTG2, RBM8A, DCP1A, EDC3, DIS3L2, LSM4, AGO2, MAGOHB, ZC3H12D 2.134916416 1 0.144286972 10.64854343 
GO:0046834~lipid phosphorylation 9 0.643316655 0.00568482 IMPAD1, PIP5KL1, PIK3C2B, PIK3CD, SMG1, PIP5K1C, PI4K2B, IP6K1, PIP4K2B 3.221212121 1 0.144477293 10.69965904 
GO:0051336~regulation of hydrolase activity 104 7.433881344 0.005753807 
METTL21A, PPP2R5C, RASGEF1A, REST, ITSN2, BAK1, CSNK2A1, CDKN2A, IFNG, RAPGEF5, ASPH, EIF2B5, PPP1R37, RET, STMN3, MADD, BCL2L12, THY1, ARFGEF3, RASGRF2, SGSM2, 
RASGRF1, ARRB1, VEGFA, AKAP6, OPHN1, FGFR2, FGFR1, RALGPS2, PPME1, ELL, ERBB2, AKAP13, PPT1, RASAL2, RASAL1, GMIP, CRB2, IQSEC3, RAP1GAP2, IQSEC2, DVL3, LAMTOR3, 
ABR, VAV3, ARHGEF39, ACER2, MYO1D, MUL1, FURIN, PSMB8, DOCK3, EPHA2, PSMB9, CORO1C, PPIF, RABEP2, CSRNP3, CXCL13, BBC3, CYFIP2, RGS6, ABL1, ABL2, RAB3IP, ACVR1C, 
STXBP5L, TRIAP1, BAG4, NOD1, ZFYVE1, PPP2R1B, DENND6A, ARHGEF2, ARHGEF1, ARHGEF18, ARHGAP27, CAMSAP3, UBN1, SERPINB8, SORT1, SEMA4D, PLA2G5, RIN3, SRGAP2, 
SNX18, CYTH1, GPR65, CYTH2, PPP6R3, PLEKHG2, PPP2CA, PAFAH1B1, RASA3, COL4A3, TMBIM6, AJUBA, DIS3, SH3BP4, PPP1R9B, SYDE2, RPS6KA1, PPP2R4, PERP 
1.285764961 1 0.145611701 10.82256521 
GO:0090596~sensory organ morphogenesis 33 2.358827734 0.005767999 
FGFR2, RP1, FGFR1, FGF9, EFNA2, MYO7A, BAK1, TSPAN12, CASP6, BCL2, MYO15A, ALDH1A3, POU2F1, STRA6, RS1, HCN1, DVL3, ABR, SOX11, VANGL2, PCDH15, PROX1, STAT3, 
EPHA2, THY1, NOTCH2, SP1, SP3, VEGFA, GDF11, PRDM1, SLITRK6, CHRNA10 
1.64614789 1 0.145457689 10.84782929 
GO:0010587~miRNA catabolic process 4 0.285918513 0.005778095 PNPT1, DIS3L2, LIN28A, LIN28B 9.544332211 1 0.145209421 10.8657978 
GO:0000160~phosphorelay signal transduction 
system 
4 0.285918513 0.005778095 KCNH1, KCNH8, KCNH3, KCNH4 9.544332211 1 0.145209421 10.8657978 
GO:0060538~skeletal muscle organ development 25 1.786990708 0.005789879 HMGCR, ERBB3, USP2, ERBB2, MYT1, MED20, PLAGL1, BCL2, KLHL40, STRA6, GPC1, PHOX2B, SOX11, TAZ, VAX1, SEPN1, HDAC5, HOXD9, SMO, MEF2D, BTG2, MAPK14, ITGA7, 
KLHL31, BIN3 
1.807638676 1 0.145002027 10.88676613 
GO:0015031~protein transport 134 9.578270193 0.0058437 
VTCN1, HMGCR, FAM20B, RBM4, REST, VPS33A, CDKN2A, IFNG, RBCK1, LEPROT, ASPH, SAR1B, ADAM9, CRTAM, BSG, MADD, UBE2J1, DCTN1, SSTR5, CCR7, CCR5, ARRB1, DTWD2, 
UBL4B, ABAT, AKAP6, MYO18A, FRAS1, MAVS, PACS2, SYVN1, ERBB4, RTP1, ERBB2, COPZ1, DRD4, CACNB1, PPT1, MYT1, UBAC2, OAZ2, FGB, BLOC1S3, GORASP1, STX18, SCARB2, 
SH3TC2, TRAF6, SEC61A2, PLAGL2, RAB8B, IL1RN, SMAD4, TOMM40, SMAD2, UBE2L3, SFRP5, NOTCH2, P2RX7, RABEP2, PLEKHA8, GPR39, ARF3, IKBKG, SMURF1, ABL1, ABL2, 
SEL1L, FGF9, MYO7A, TIMM17B, BAP1, RAB3IP, ACVR1C, STXBP5L, KCNIP3, BAG4, DNAJC14, RAB6B, YOD1, CDK16, PSMD9, STX6, ZDHHC8, TP53, NRXN1, SMO, DGAT1, ATG4D, 
ARCN1, HHAT, CEMIP, GRIP2, SORT1, KPNA6, SNAP29, SNX18, CD244, FFAR4, RAB3D, ABLIM3, BRSK2, HK2, PPM1A, NEO1, EDEM1, RAB43, NUP210, TAP2, PPP2CA, POU2F2, 
PAFAH1B1, SNX24, EHD1, VPS36, APBA1, SPRN, TNFSF4, SNX27, TMBIM6, LRRC46, RAF1, TMED9, STAT3, RPL28, RUFY3, MICALL1, YWHAG, RAB37, MAPK14, RAB22A, SVIP, SNX33, 
GGA2 
1.240886659 1 0.145767589 10.98247465 
GO:0002009~morphogenesis of an epithelium 52 3.716940672 0.005950125 
PLXNA1, DICER1, LUZP1, MMP2, GDNF, ZNRF3, BAK1, IPMK, RET, RREB1, SOX11, VANGL2, PROX1, MIB1, DDR1, SMO, PPP1CA, VEGFA, SEMA4C, FRAS1, FGFR2, FGFR1, MEGF8, SRF, 
TRIM71, STARD13, LIF, VDR, FOXQ1, FAT4, BCL2, ALDH1A3, MAP3K1, POU2F1, PAFAH1B1, NFATC4, TRAF6, TMEM79, B4GALT1, DVL3, PODXL, TBX4, SMAD4, GRSF1, PCDH15, 
EPHA2, SFRP5, HDAC5, AJUBA, NOTCH2, ABL1, ABL2 
1.459721397 1 0.147736002 11.17143991 
GO:0080135~regulation of cellular response to 
stress 
69 4.932094353 0.005973916 
ARMT1, LZTS1, HMGCR, PHF23, BAK1, TRIAP1, MYD88, CDKN2A, NOD1, SCLY, LSM4, YOD1, MAP2K7, NUDT16, PHYHIP, BRCC3, ZDHHC8, VANGL2, TP53, UBE2J1, CDK6, BCL2L12, 
VEGFA, MAP3K10, SEMA4C, MAP3K11, SYVN1, MCL1, PNPT1, HK2, CALCOCO2, UBAC2, EDEM1, MTMR3, ERCC6, GMIP, MAP3K3, MAP3K1, RNF168, PAFAH1B1, PRKAA2, TRAF6, 
EPO, DVL3, SASH1, HAPLN1, TAOK1, CEBPG, TMBIM6, EPM2A, IL1RN, MUL1, AMBRA1, TP73, FAM131B, RPL28, SFRP5, AJUBA, SLC35C1, BFAR, DUSP3, ATXN3, OTUB1, IST1, IKBKG, 
SVIP, SMURF1, ABL1, PIP4K2B 
1.375819476 1 0.147797317 11.21363034 
GO:0043408~regulation of MAPK cascade 65 4.64617584 0.006058023 
FGF9, HMGCR, DIRAS1, MYD88, NOD1, MAP3K9, PELI2, MAP2K7, ADAM9, MADD, VANGL2, IL6R, ANKRD26, KSR2, ARRB1, VEGFA, CCR2, MAP3K10, SEMA4C, MAP3K13, PLA2G5, 
MAP3K11, FGFR2, TNFAIP8L3, FGFR1, ERBB4, FFAR4, PKHD1, ERBB2, DRD4, ITGB3, FEM1A, TRIB2, LIF, TNFRSF1B, ERCC6, ECE1, MAP3K3, FGB, MAP3K1, PAFAH1B1, TRAF6, APC, 
EPO, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, MUL1, RAF1, TP73, EPHA2, SFRP5, AJUBA, DUSP3, P2RX7, EPHA8, ID1, GDF11, ABL1, IGFBP3, ABL2, DUSP7, DUSP6 
1.393072441 1 0.149232427 11.36263226 
GO:0006812~cation transport 95 6.790564689 0.006134885 
KCNH1, FGF14, ATP1B4, REST, KCNJ12, KCNJ13, SLC35A4, KCNK10, KCNIP3, BAK1, SLC1A5, ATP2B3, SLC23A2, SLC24A2, VPS4B, ASPH, SLC4A4, ANO6, NIPAL4, SCN2B, NOS1AP, 
STC2, GRIN2A, CACNG2, THY1, CNGA2, CHRM5, CCR5, CEMIP, ABAT, KCNH7, AKAP6, KCNH8, KCNH3, KCNH4, PPME1, SLC39A11, SLC39A13, KCNA1, DRD4, SLC35A5, CACNB1, 
CACNB2, ATP5G2, CACNB3, COX7A2L, ITGB3, KCNA7, SEC14L1, KCNS3, CALCA, VDR, TMEM37, UBASH3B, BCL2, PPP2CA, SLC39A9, SLC39A8, SLC4A8, RASA3, MTMR6, ENTPD1, 
HCN4, SCN5A, HCN3, SLC31A1, NFATC1, EPO, HCN1, SLC8A2, SLC12A3, SLC6A15, NIPA1, SLC6A17, ASIC1, ATP13A3, SLC17A7, PPIF, P2RX4, SLC4A10, P2RX7, P2RX6, KCNJ9, BBC3, 
GPR39, SLC7A1, SLC18A3, SCN4B, ABL1, ATP6AP1L, SCARA5, CHRNA10, SCN4A, SLC46A1, CACNA1B 
1.301499847 1 0.150491105 11.49859273 
GO:0000186~activation of MAPKK activity 10 0.714796283 0.006193858 LAMTOR3, ERCC6, TAOK1, MAP3K9, MAP3K1, MAP3K10, RAF1, MAP3K13, MAP3K11, ADAM9 2.92173435 1 0.151335848 11.60277331 
GO:0009894~regulation of catabolic process 72 5.146533238 0.006224806 PPARA, LZTS1, CPEB3, UVRAG, PHF23, CSNK2A1, NOD1, CDKN2A, IFNG, LSM4, TLK2, YOD1, ADAM9, PHYHIP, ZDHHC8, SECISBP2, TP53, UBE2J1, GRIN2A, SOCS4, PPP1CA, BTG2, 1.36347603 1 0.151544455 11.65739937 
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ARRB1, TYSND1, OPHN1, TNFAIP3, PNPT1, ANAPC15, HK2, CALCOCO2, UBAC2, EDEM1, TRIB2, OAZ2, TRIM65, MTMR3, TNFRSF1B, GMIP, BCL2, PPP2CA, KLHL40, AGO2, SCARB1, 
PRKAA2, APC, RNF144A, RNF144B, HAPLN1, EPM2A, SMAD4, ACACB, AMBRA1, FURIN, SIRT2, FAM131B, STAT3, RPL28, SLC35C1, SH3BP4, DRAM2, P2RX7, ATXN3, MLYCD, IST1, 
DNAJB2, SVIP, SMURF1, SNX33, IGFBP3, RNF40, PIP4K2B, TP53INP1 
GO:0010632~regulation of epithelial cell 
migration 
22 1.572551823 0.006257451 FGFR1, SASH1, RREB1, TACR1, BMPR2, ITGB3, PROX1, EPHA2, STARD13, CORO1C, HDAC5, CCR5, GAB2, CXCL13, ETS1, MAPK14, IFNG, CCBE1, VEGFA, ATOH8, ANGPT2, ADAM9 1.886005766 1 0.151789578 11.71498673 
GO:0051247~positive regulation of protein 
metabolic process 
126 9.006433167 0.006338812 
HMGCR, RBM4, SPRTN, REST, BAK1, DIRAS1, MYD88, CSNK2A1, CDKN2A, MAP3K9, IFNG, CCBE1, PELI2, ASPH, MAP2K7, EIF2B5, ADAM9, RET, MADD, TADA2B, VANGL2, SECISBP2, 
SOCS4, PROX1, THY1, CCR7, ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, ERBB4, ERBB3, ERBB2, DRD4, BMPR2, MAPKAPK2, ITGB3, LIN28A, OAZ2, LIF, 
AHRR, FGB, TRAF6, DVL3, SASH1, LAMTOR3, TAOK1, ACER2, IL1RN, SMAD4, MUL1, UBE2L3, P2RX7, BBC3, EPHA8, IKBKG, CYFIP2, DNAJB2, SMURF1, ABL1, ABL2, NCOR2, PDIA3, 
FGF9, CDC14B, CPEB3, PHF23, ACVR1C, BAG4, NOD1, ARHGEF2, NOS1AP, TP53, IL6R, KSR2, CEMIP, MAP3K10, SEMA4C, SEMA4D, MAP3K13, EIF5A2, PLA2G5, MAP3K11, CLN6, 
FFAR4, EDEM1, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, REL, BCL2, MAP3K1, PPP2CA, YES1, APC, EPO, RNF144A, RNF144B, COL4A3, JARID2, CEBPG, ELAVL1, RAF1, TP73, SIRT2, 
AJUBA, ATXN3, BRMS1, IST1, IRF1, GDF11, SVIP, PPP2R4, IRF4, SNX33, PERP, IGFBP3, LRP4, RNF40 
1.250956164 1 0.153118746 11.85835422 
GO:0043488~regulation of mRNA stability 11 0.786275911 0.006374814 RBM24, MYD88, CPEB3, DICER1, VEGFA, ELAVL1, RBM38, MAPKAPK2, TRIM71, GDNF, ZC3H12D 2.715197957 1 0.153430843 11.92172293 
GO:0001946~lymphangiogenesis 6 0.42887777 0.006535196 VEGFA, CCBE1, BMPR2, PROX1, EPHA2, NFATC1 4.772166105 1 0.156486031 12.20349575 
GO:0032535~regulation of cellular component 
size 
38 2.716225876 0.006606715 
MEGF8, LIMA1, PLXNA1, SHTN1, LRRC8A, BMPR2, SRF, BAG4, AKT1S1, MAP3K1, TMEM123, WIPF2, PAFAH1B1, LMOD1, RAP1GAP2, ANO6, RET, VAV3, LIMK1, BAIAP2L1, CREB1, 
TP73, RUFY3, JMY, RND2, P2RX7, CCR5, SEMA4F, IST1, RAB22A, VEGFA, SEMA4C, SEMA4B, WDR1, SMURF1, SEMA4D, ABL1, ADD2 
1.567800968 1 0.157562794 12.32887009 
GO:0007005~mitochondrion organization 59 4.21729807 0.006661335 
FAM20B, TIMM17B, BAP1, FAM73A, BAK1, TRIAP1, BAG4, CDKN2A, TRMT5, LSM4, LEPROT, PHYHIP, ZDHHC8, TAZ, TP53, MRPS7, MFN1, LETM1, ATG4D, DTWD2, HHAT, NAIF1, 
UBL4B, AARS2, ELAC2, ERBB4, MCL1, ABLIM3, PNPT1, HK2, COX7A2L, TK2, QRSL1, GMIP, BCL2, MAP3K1, PVRL2, BMF, PLAGL2, HAPLN1, LRRC46, TOMM40, MUL1, AMBRA1, SEPN1, 
UBE2L3, TP73, FAM131B, STAT3, RPL28, TTC19, PPIF, SLC35C1, P2RX7, BBC3, MTFP1, IST1, RHOT2, SMURF1 
1.412497326 1 0.158261881 12.42450553 
GO:0060421~positive regulation of heart growth 8 0.571837026 0.006797916 FGFR2, FGFR1, ERBB4, FGF9, MAPK14, AKAP6, ACACB, PROX1 3.470666259 1 0.160736706 12.66321659 
GO:0030307~positive regulation of cell growth 21 1.501072194 0.006985184 MEGF8, SHTN1, LIMK1, ERBB2, SYT2, TAF9B, BMPR2, MUL1, ITSN2, SRF, RUFY3, RND2, RASAL1, CSNK2A1, IST1, BCL2, VEGFA, AKAP6, PAFAH1B1, SEMA4D, SMURF1 1.902825726 1 0.164280697 12.98950997 
GO:0043549~regulation of kinase activity 69 4.932094353 0.007054985 
COX11, HMGCR, UVRAG, LRRC15, NLRC5, DIRAS1, CDKN2A, CDKN2B, MAP3K9, MAP2K7, ADAM9, CEP85, MADD, VANGL2, SOCS4, IL6R, PROX1, THY1, ARRB1, VEGFA, CEMIP, 
MAP3K10, AKAP6, TNFAIP3, MAP3K13, MAP3K11, TNFAIP8L3, FGFR1, ERBB4, RTN4RL1, ERBB3, ERBB2, DRD4, AKAP13, ITGB3, FEM1A, TRIB2, CALCA, SH3BP5L, AKT1S1, ERCC6, 
MAP3K3, UBASH3B, PPP2CA, MAP3K1, PIK3R5, TRAF6, APC, EPO, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, IL1RN, MUL1, RAF1, AMBRA1, TP73, CORO1C, SFRP5, AJUBA, DUSP3, 
P2RX7, EPHA8, IKBKG, ABL1, DUSP7, DUSP6 
1.366304819 1 0.165270635 13.11083432 
GO:0045597~positive regulation of cell 
differentiation 85 6.075768406 0.007078669 
SHTN1, CPEB3, SYT2, DICER1, RBM4, ITPKB, ITSN2, GDNF, CASP6, PACSIN1, CDKN2A, HIF1AN, CDKN2B, BHLHB9, IFNG, ATOH8, GPC1, FNDC3B, PHOX2B, RET, LIMK1, RREB1, SOX11, 
LIG4, PROX1, NUMBL, MARK2, RND2, FAM134C, SMO, CCR5, VEGFA, SPDEF, AKAP6, ADAMTS1, NEU1, PRDM1, SEMA4D, ASB4, MEGF8, FGFR1, TRIOBP, ACHE, CRTC1, BMPR2, 
ITGB3, LIN28A, SRF, CDH5, CALCA, LIF, VDR, RASAL1, FBXW8, CRB2, BCL2, PAFAH1B1, TRAF6, EHD1, ACSL6, APC, EPO, B4GALT1, TNFSF4, NIN, CREB1, SMAD4, MUL1, SMAD2, TP73, 
RUFY3, SIRT2, ATXN1, NOTCH2, ID2, ETS1, IST1, MAPK14, RGS6, SP7, SMURF1, ABL1, BMPR1B, IGFBP3, ABL2 
1.318420755 1 0.165267501 13.15196363 
GO:0001944~vasculature development 61 4.360257327 0.007084621 
HTATIP2, FGF9, DICER1, ANPEP, LUZP1, RORA, ENPEP, MMP2, FOXS1, BAK1, TSPAN12, WARS, TMEM231, IFNG, CCBE1, ROBO4, STRA6, ANGPT2, LOXL1, SGPL1, NRXN1, PROX1, 
THY1, MIB1, SMO, CCR5, VEGFA, CCR2, PRDM1, ASB4, FGFR2, FGFR1, MEGF8, BMPR2, ITGB3, SRF, CDH5, GJC1, STARD13, CALCA, LIF, FBXW8, MAP3K3, AGGF1, NFATC4, NFATC1, 
B4GALT1, PTPRB, COL4A3, SASH1, TBX4, MCAM, EPHA2, HOXB3, HDAC5, NOTCH2, LAMA4, ETS1, ID1, MAPK14, ITGA7 
1.399529483 1 0.164886516 13.16229674 
GO:0032388~positive regulation of intracellular 
transport 
37 2.644746247 0.007127592 MAVS, ERBB4, FAM20B, ERBB2, ABLIM3, PPM1A, BAP1, EDEM1, OAZ2, BAK1, GAB2, STX18, RBCK1, ASPH, LEPROT, EHD1, PLAGL2, ZDHHC8, SMAD4, LRRC46, UBE2L3, RPL28, 
DCTN1, RUFY3, THY1, SMO, P2RX4, P2RX7, DTWD2, BBC3, GPR39, MAPK14, CEMIP, HHAT, UBL4B, AKAP6, ABL1 
1.571841061 1 0.165294362 13.23686477 
GO:0021700~developmental maturation 29 2.072909221 0.007256628 FGFR1, ERBB4, PTH1R, MMP2, CBFB, CDH5, FAT4, BLOC1S3, BCL2, POU2F2, LHX6, NFATC4, ANO6, TMEM79, EPO, RET, NRXN1, SIRT2, SLC17A7, SLC26A6, ID2, EPHA8, ARCN1, DLD, 
VEGFA, GDF11, SEMA4D, DMC1, ABL2 
1.687717281 1 0.167518066 13.46041726 
GO:1903747~regulation of establishment of 
protein localization to mitochondrion 
15 1.072194425 0.007279322 ABLIM3, ZDHHC8, FAM20B, LRRC46, BAP1, UBE2L3, RPL28, BAG4, CDKN2A, BBC3, DTWD2, HHAT, UBL4B, LEPROT, PLAGL2 2.213891492 1 0.167486773 13.49967716 
GO:1902533~positive regulation of intracellular 
signal transduction 
80 5.718370264 0.007294034 
SLC44A2, CD8A, FGF9, HMGCR, RASGEF1A, ITPKB, BAG4, DIRAS1, MYD88, CDKN2A, NOD1, MAP3K9, IFNG, RBCK1, TMEM101, STRA6, PELI2, TNIP2, MAP2K7, ADAM9, MADD, SOX11, 
VANGL2, TP53, UBE2I, IL6R, KSR2, ARRB1, RASGRF1, VEGFA, CCR2, SEMA4C, MAP3K10, AKAP6, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FGFR2, MAVS, TNFAIP8L3, FGFR1, MCL1, 
ERBB4, SLC38A9, FFAR4, ERBB3, ERBB2, DRD4, PPM1A, ITGB3, LIF, TNFRSF1B, ERCC6, MAP3K3, REL, FGB, MAP3K1, TRAF6, EPO, PLAGL2, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, 
MUL1, RAF1, TRIM62, TP73, AJUBA, NOTCH2, P2RX4, P2RX7, BBC3, EPHA8, IKBKG, ABL1, IGFBP3, ABL2 
1.328677338 1 0.167288283 13.52511951 
GO:0030278~regulation of ossification 25 1.786990708 0.007396795 FGFR1, ESRRA, ENPP1, SOX11, TACR1, BMPR2, CDK6, ANKH, CALCA, HDAC5, P2RX7, ID2, ID1, BCL2, MAPK14, VEGFA, SEMA4D, SMURF1, ID3, BMPR1B, ANO6, LRP4, FNDC3B, APC, 
NFATC1 
1.771843851 1 0.168930417 13.70263394 
GO:0061418~regulation of transcription from 
RNA polymerase II promoter in response to 
hypoxia 
5 0.357398142 0.007422611 BACH1, HIF1AN, VEGFA, TP53, SIRT2 5.965207632 1 0.168959828 13.74717453 
GO:1904152~regulation of retrograde protein 
transport, ER to cytosol 5 0.357398142 0.007422611 UBE2J1, SVIP, YOD1, EDEM1, UBAC2 5.965207632 1 0.168959828 13.74717453 
GO:0035303~regulation of dephosphorylation 21 1.501072194 0.007482142 PPP2R1B, PPP1R37, PPME1, ELL, SMG5, MYO1D, PPP2R5C, PPP6R3, CAMSAP3, UBN1, BAG4, PPP1R9B, CHRM5, CSRNP3, ARFGEF3, PPP2CA, IFNG, AKAP6, PPP2R4, SEMA4D, ZFYVE1 1.890858268 1 0.169687705 13.8498026 
GO:0043506~regulation of JUN kinase activity 13 0.929235168 0.007560944 SASH1, DVL3, VANGL2, IL1RN, MUL1, TP73, SFRP5, ERCC6, MAP3K1, MAP3K10, TRAF6, MAP2K7, MAP3K11 2.386083053 1 0.170807681 13.9854729 
GO:0006476~protein deacetylation 13 0.929235168 0.007560944 HDAC5, ATXN3, BRMS1, TRPS1, VEGFA, TP53, SIRT5, SIRT7, REST, RBM14, BAZ2A, SIRT2, NCOR2 2.386083053 1 0.170807681 13.9854729 
GO:0048646~anatomical structure formation 
involved in morphogenesis 104 7.433881344 0.0075682 
RP1, LUZP1, ENPEP, RORA, VPS33A, MMP2, GDNF, BAK1, KLHL6, CCBE1, ROBO4, ATOH8, ADAM9, RET, VANGL2, PROX1, THY1, MIB1, KRT19, CCR5, CCR2, VEGFA, ADAMTS1, FGFR2, 
FGFR1, PKHD1, ONECUT2, BMPR2, CEP164, ITGB3, TRIM71, SRF, LIF, AGGF1, CRB2, PVRL2, TRAF6, SEC23IP, LFNG, B4GALT1, SASH1, DVL3, NTF4, RAB8B, PODXL, SMAD4, CELSR2, 
SMAD2, PCDH15, MCAM, EPHA2, HDAC5, SFRP5, HOXB3, ETS1, TRPS1, ITGA7, WDR1, PPARA, NRG3, KIF24, FGF9, DICER1, ANPEP, RAB3IP, WARS, TSPAN12, TMEM231, TTC30B, 
CNTNAP1, STRA6, LMOD1, IPMK, GPC1, ANGPT2, RS1, SOX11, TP53, NRXN1, SMO, SEMA4C, TXNRD1, SNAP29, ABLIM3, NEO1, STARD13, ALDH1A3, POU2F1, NFATC4, PAFAH1B1, 
EHD1, NBEAL2, NFATC1, PTPRB, COL4A3, TBX4, SP1, SP3, MAPK14, ABCC4, POFUT2, PERP, NFIB, DUSP6 
1.274756699 1 0.170449182 13.99795549 
GO:0070838~divalent metal ion transport 43 3.073624017 0.007588045 
SLC39A11, FGF14, SLC39A13, DRD4, CACNB1, CACNB2, CACNB3, ITGB3, CALCA, VDR, BAK1, TMEM37, ATP2B3, UBASH3B, BCL2, PPP2CA, SLC24A2, SLC39A9, SLC39A8, ASPH, RASA3, 
ANO6, NIPAL4, EPO, NFATC1, SLC8A2, NOS1AP, STC2, GRIN2A, NIPA1, ASIC1, CACNG2, THY1, P2RX4, P2RX7, CCR5, BBC3, GPR39, CEMIP, AKAP6, ABL1, CHRNA10, CACNA1B 1.505157525 1 0.170350938 14.03208558 
GO:0034654~nucleobase-containing compound 
biosynthetic process 
272 19.4424589 0.007662186 
ADCY1, ATP1B4, REST, SPRTN, RORA, MED20, BRPF1, TAF5L, MYD88, MAT1A, IFNG, DHX33, MAP2K7, PHOX2B, RREB1, TADA2B, UBR2, LIG4, RNF222, PROX1, BCL2L12, SPAG8, 
MTF1, MED15, VEGFA, HES2, ST18, PRDM1, ATXN1L, ERBB4, ELL, ERBB2, CRTC1, TAF9B, PPCDC, MYT1, DIDO1, TK2, PPAT, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, 
TCF7, ESRRA, KLF13, KLF16, RYBP, ESRRG, SMAD4, CELSR2, SMAD2, ACACB, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, CSRNP1, TRPS1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, 
CPEB3, FGF9, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, SERTAD3, NT5E, ARHGEF2, BATF2, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, MXD4, JMY, SS18, 
BRWD1, RRM2, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, GPR65, NEO1, SEC14L2, PFAS, PPP2CA, AGO2, TSTA3, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, 
JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, HOXD1, GDNF, CBX7, CBFB, IGHMBP2, 
NLRC5, CSNK2A1, CDKN2A, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, AKAP6, TNFAIP3, MAVS, 
FGFR2, FGFR1, PKHD1, MRAP, DRD4, ONECUT2, BMPR2, ELK1, KMO, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, ECE1, CRB2, OVOL1, TEF, RNF168, ENTPD1, TRAF6, RHEBL1, RFX5, 
TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EAF1, EBF4, IKBKG, TDG, HIVEP2, ABL1, DDX54, PDZD3, DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, 
RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, PMM2, SMO, BTG2, PANK1, KPNA6, LCOR, SBNO1, ABLIM3, 
PPM1A, ATP5G2, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, UCK1, NFATC4, UCK2, YES1, VPS36, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, 
1.14229614 1 0.171362048 14.15948121 
 264 
SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
GO:0048729~tissue morphogenesis 64 4.574696212 0.007690591 
RP1, PLXNA1, DICER1, LUZP1, GDNF, MMP2, ZNRF3, BAK1, TSPAN12, IPMK, RS1, RET, RREB1, SOX11, VANGL2, PROX1, THY1, MIB1, DDR1, SMO, PPP1CA, VEGFA, SEMA4C, TXNRD1, 
FRAS1, FGFR2, FGFR1, MEGF8, BMPR2, ITGB3, TRIM71, SRF, STARD13, LIF, VDR, FOXQ1, CRB2, FAT4, BCL2, ALDH1A3, MAP3K1, POU2F1, PAFAH1B1, NFATC4, TRAF6, GCNT1, 
TMEM79, B4GALT1, HCN1, DVL3, PODXL, TBX4, GRSF1, SMAD4, SMAD2, PCDH15, EPHA2, SFRP5, HDAC5, AJUBA, NOTCH2, POFUT2, ABL1, ABL2 
1.381984755 1 0.171435753 14.20824162 
GO:0051962~positive regulation of nervous 
system development 
53 3.7884203 0.007755339 
SHTN1, CPEB3, SYT2, DICER1, ITSN2, PACSIN1, BHLHB9, IFNG, PHOX2B, RET, LIMK1, SOX11, LIG4, NRXN1, PROX1, NUMBL, MARK2, RND2, AMIGO2, SMO, FAM134C, CBLN2, CCR5, 
VEGFA, ADAMTS1, NEU1, SEMA4D, SLITRK6, FGFR1, MEGF8, ACHE, CRTC1, BMPR2, LIN28A, SRF, LIF, RASAL1, FBXW8, BCL2, PAFAH1B1, ACSL6, EPO, NIN, MUL1, TP73, RUFY3, 
ATXN1, ID2, IST1, RGS6, SMURF1, ABL1, ABL2 
1.434356164 1 0.172245461 14.31929143 
GO:0019219~regulation of nucleobase-
containing compound metabolic process 
271 19.37097927 0.007812005 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, RBM8A, IFNG, DHX33, MAP2K7, NUDT16, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MTF1, MED15, 
VEGFA, HES2, ST18, PRDM1, ATXN1L, ERBB4, ELL, ERBB2, CRTC1, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, KLF16, SMAD4, RYBP, 
ESRRG, CELSR2, SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, SRSF6, MLX, CSRNP1, TRPS1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, 
FOXS1, BAG4, TRIAP1, NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, TP53, TLE3, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, RBM38, SEMA4D, MAP3K13, 
MEGF8, LCORL, USP2, GPR65, COX7A2L, NEO1, SEC14L2, PPP2CA, AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, RBM20, TBX4, ANKRD42, STAT3, TP73, MEF2D, 
SNAI3, PAPOLA, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, RBM4, HOXD1, GDNF, CBX7, CBFB, IGHMBP2, NLRC5, CSNK2A1, CDKN2A, 
SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, AKAP6, TNFAIP3, MAVS, FGFR2, FGFR1, 
PKHD1, MRAP, DRD4, ONECUT2, PNPT1, BMPR2, ELK1, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, ECE1, CRB2, OVOL1, TEF, RNF168, MBNL3, ENTPD1, TRAF6, RHEBL1, SMG5, RFX5, 
TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, PPIF, P2RX7, EAF1, EBF4, OTUB1, IKBKG, TDG, HIVEP2, ABL1, DDX54, PDZD3, DNAJB5, E2F2, E2F3, PTGES2, 
FOXK2, DICER1, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, BRCC3, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, WIZ, 
SBNO1, ABLIM3, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, 
SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, IGFBP3, RNF40, NFIB 
1.142789704 1 0.172886205 14.41636673 
GO:0009648~photoperiodism 7 0.500357398 0.007830321 PPP1CA, ID2, USP2, CRTC1, DRD4, RBM4, TP53 3.854441854 1 0.172751355 14.44772153 
GO:0050905~neuromuscular process 17 1.215153681 0.007876177 KCNH1, RBFOX2, ABR, FGF14, MYO7A, KCNA1, GRIN2A, PCDH15, NRXN1, FOXS1, ALDH1A3, PAFAH1B1, CNTNAP1, STRA6, ABL1, SLITRK6, ABL2 2.062546368 1 0.173169486 14.52617581 
GO:0032774~RNA biosynthetic process 245 17.51250893 0.007884181 
ATP1B4, REST, RORA, MED20, BRPF1, TAF5L, MYD88, IFNG, DHX33, PHOX2B, RREB1, TADA2B, UBR2, RNF222, PROX1, BCL2L12, SPAG8, MED15, MTF1, VEGFA, HES2, ST18, PRDM1, 
ATXN1L, ERBB4, ELL, CRTC1, ERBB2, TAF9B, MYT1, DIDO1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, SMAD4, RYBP, ESRRG, KLF16, CELSR2, 
SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, TRPS1, CSRNP1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, 
NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, JMY, MXD4, SS18, BRWD1, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, 
NEO1, SEC14L2, PPP2CA, AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, 
MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, HOXD1, CBX7, GDNF, CBFB, IGHMBP2, NLRC5, CDKN2A, CSNK2A1, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, 
HNRNPA2B1, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, PKHD1, ONECUT2, BMPR2, ELK1, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, 
OVOL1, TEF, RNF168, TRAF6, RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EBF4, EAF1, IKBKG, TDG, HIVEP2, ABL1, DDX54, DNAJB5, E2F2, 
E2F3, PTGES2, FOXK2, DICER1, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, 
ABLIM3, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, EPO, NFATC1, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, 
ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.153038162 1 0.172828594 14.53986234 
GO:0016569~covalent chromatin modification 44 3.145103645 0.007991224 BAP1, PHF20, REST, LIF, JADE2, BRPF1, TAF5L, BRPF3, RNF168, PRKAA2, BAZ2A, BRCC3, KMT5C, JARID2, KANSL2, WDR5, TADA2B, SUV39H1, SMAD4, TP53, RYBP, PADI2, UBR2, 
SIRT7, TET2, MBD1, SIRT2, ATXN7L3, PAGR1, HDAC5, ATXN3, BRMS1, OTUB1, ARRB1, TRPS1, MSL1, VEGFA, NAA60, KDM4B, SETD6, SETD7, IRF4, RBM14, RNF40 
1.492715464 1 0.174461407 14.72270403 
GO:0048565~digestive tract development 21 1.501072194 0.008007453 FGFR2, MEGF8, TCF7, CYP1A1, YIPF6, FGF9, SOX11, VANGL2, DICER1, SMAD2, TP73, SFRP5, SMO, ID2, FAT4, BCL2, TRPS1, SPDEF, STRA6, PRDM1, NKX2-3 1.879040404 1 0.174282222 14.75039208 
GO:0051094~positive regulation of 
developmental process 
112 8.00571837 0.008079583 
RP1, SHTN1, HMGCR, SYT2, RBM4, ITPKB, ITSN2, GDNF, PACSIN1, CDKN2A, BHLHB9, CDKN2B, IFNG, CCBE1, ATOH8, FNDC3B, ADAM9, PHOX2B, RET, RREB1, LIG4, PROX1, NUMBL, 
MARK2, RND2, CBLN2, CCR5, VEGFA, SPDEF, AKAP6, ADAMTS1, NEU1, PRDM1, ATXN1L, TNFAIP3, SLITRK6, ASB4, FGFR2, FGFR1, ACHE, ERBB4, ERBB3, CRTC1, BMPR2, ITGB3, 
LIN28A, SRF, LIF, VDR, RASAL1, FBXW8, AGGF1, CRB2, TRAF6, TMEM79, B4GALT1, SASH1, NIN, SMAD4, MUL1, SMAD2, ACACB, CORO1C, NOTCH2, P2RX7, DIO3, ETS1, SRSF6, RGS6, 
SMURF1, ABL1, ABL2, FGF9, CPEB3, DICER1, FOXS1, CASP6, HIF1AN, GPC1, ANGPT2, ANO6, LIMK1, SOX11, TP53, NRXN1, FAM134C, SMO, AMIGO2, SEMA4D, TRIOBP, MEGF8, 
USP2, CDH5, CALCA, BCL2, PAFAH1B1, EHD1, ACSL6, EPO, APC, TNFSF4, CREB1, TP73, SIRT2, RUFY3, ATXN1, ID2, IST1, MAPK14, SP7, BMPR1B, IGFBP3 
1.259581941 1 0.175208548 14.87335125 
GO:0097194~execution phase of apoptosis 11 0.786275911 0.008122509 CDKN2A, BBC3, MADD, TAOK1, CASP7, DICER1, TP53, ANO6, IGFBP3, SIRT2, ACVR1C 2.624691358 1 0.175553748 14.94644702 
GO:0050878~regulation of body fluid levels 38 2.716225876 0.008250929 
ERBB4, HPS6, CYP11B2, TACR1, HK2, PIP5K1C, TSPAN8, ITGB3, FAM46A, SRF, PPAT, MYL9, VDR, LBH, BLOC1S3, UBASH3B, FGB, ENTPD1, TMPRSS13, APLN, NBEAL2, ANO6, TMEM79, 
FIBP, MADD, CREB1, SCD, PIK3CD, CELSR2, PTPRO, TP73, DDR1, FLG, VEGFA, ABAT, PROS1, SCARA5, NCOR2 1.545531068 1 0.177571166 15.16476678 
GO:0072511~divalent inorganic cation transport 43 3.073624017 0.008278565 
SLC39A11, FGF14, SLC39A13, DRD4, CACNB1, CACNB2, CACNB3, ITGB3, CALCA, VDR, BAK1, TMEM37, ATP2B3, UBASH3B, BCL2, PPP2CA, SLC24A2, SLC39A9, SLC39A8, ASPH, RASA3, 
ANO6, NIPAL4, EPO, NFATC1, SLC8A2, NOS1AP, STC2, GRIN2A, NIPA1, ASIC1, CACNG2, THY1, P2RX4, P2RX7, CCR5, BBC3, GPR39, CEMIP, AKAP6, ABL1, CHRNA10, CACNA1B 1.497833157 1 0.177607815 15.21168067 
GO:0031329~regulation of cellular catabolic 
process 
62 4.431736955 0.008313907 
PPARA, LZTS1, CPEB3, UVRAG, PHF23, CDKN2A, NOD1, IFNG, LSM4, TLK2, ADAM9, PHYHIP, ZDHHC8, SECISBP2, TP53, SOCS4, PPP1CA, BTG2, ARRB1, TYSND1, OPHN1, TNFAIP3, 
ANAPC15, PNPT1, HK2, CALCOCO2, TRIB2, TRIM65, MTMR3, TNFRSF1B, GMIP, BCL2, KLHL40, AGO2, SCARB1, PRKAA2, APC, RNF144A, RNF144B, HAPLN1, EPM2A, ACACB, AMBRA1, 
FURIN, SIRT2, FAM131B, STAT3, RPL28, SLC35C1, SH3BP4, DRAM2, P2RX7, MLYCD, IST1, DNAJB2, SVIP, SMURF1, SNX33, IGFBP3, RNF40, TP53INP1, PIP4K2B 
1.384747107 1 0.177794059 15.2716383 
GO:0060402~calcium ion transport into cytosol 18 1.28663331 0.00832787 SLC8A2, ITGB3, THY1, CALCA, P2RX4, BAK1, P2RX7, CCR5, BBC3, UBASH3B, GPR39, BCL2, CEMIP, AKAP6, ASPH, RASA3, ABL1, EPO 1.997650928 1 0.177564779 15.2953163 
GO:0030316~osteoclast differentiation 13 0.929235168 0.008364786 CALCA, NOTCH2, GAB2, UBASH3B, EFNA2, MAPK14, CREB1, IFNG, CD300LF, PAFAH1B1, TRAF6, EPHA2, NFATC1 2.35587947 1 0.177780454 15.35788406 
GO:0007159~leukocyte cell-cell adhesion 47 3.35954253 0.008364873 
PPARA, CD244, CD8A, VTCN1, FUT7, ERBB2, ITPKB, RORA, SRF, AZI2, HSH2D, CALCA, CDKN2A, BCL2, IFNG, TRAF6, LFNG, GCNT1, NT5E, ZC3H12D, NKX2-3, EPO, APC, CRTAM, TCF7, 
SIT1, TNFSF4, SLA2, FLOT2, TP53, CDK6, LIG4, THY1, P2RX7, DUSP3, CCR7, SP3, CD59, CCR2, IRF1, IRF4, SEMA4D, TREML2, ABL1, PLA2G2D, ABL2, SLC46A2 
1.465959523 1 0.177285239 15.35803234 
GO:0036303~lymph vessel morphogenesis 6 0.42887777 0.008367697 VEGFA, CCBE1, BMPR2, PROX1, EPHA2, NFATC1 4.520999468 1 0.176845383 15.36281669 
GO:0098660~inorganic ion transmembrane 
transport 
61 4.360257327 0.008497573 
KCNH1, FGF14, REST, KCNJ12, KCNJ13, KCNIP3, KCNK10, ATP2B3, SLC24A2, ASPH, SLC4A4, ANO6, SCN2B, NOS1AP, GRIN2A, CACNG2, CNGA2, SLC26A6, SLC26A9, AKAP6, KCNH7, 
KCNH8, KCNH3, KCNH4, SLC39A11, SLC39A13, DRD4, KCNA1, CACNB1, CACNB2, ATP5G2, CACNB3, COX7A2L, KCNA7, KCNS3, TMEM37, PPP2CA, SLC39A8, MTMR6, HCN4, SLC31A1, 
HCN3, SCN5A, GABRP, HCN1, SLC8A2, SLC12A3, ASIC1, ANKH, SLC17A7, SLC4A10, KCNJ9, SLC25A10, SLC18A3, SCN4B, ATP6AP1L, CHRNA10, SCARA5, SCN4A, SLC46A1, CACNA1B 
1.386200631 1 0.178840952 15.58258297 
GO:0010522~regulation of calcium ion transport 
into cytosol 
14 1.000714796 0.008610573 ITGB3, THY1, CALCA, P2RX4, BAK1, P2RX7, UBASH3B, GPR39, BCL2, CEMIP, AKAP6, ASPH, ABL1, EPO 2.252033443 1 0.180498805 15.77335261 
GO:0010594~regulation of endothelial cell 
migration 
16 1.143674053 0.008658643 FGFR1, SASH1, BMPR2, ITGB3, PROX1, EPHA2, STARD13, HDAC5, CCR5, CXCL13, ETS1, MAPK14, VEGFA, CCBE1, ATOH8, ANGPT2 2.10150434 1 0.180913234 15.85438111 
GO:0060401~cytosolic calcium ion transport 18 1.28663331 0.008976968 SLC8A2, ITGB3, THY1, CALCA, P2RX4, BAK1, P2RX7, CCR5, BBC3, UBASH3B, GPR39, BCL2, CEMIP, AKAP6, ASPH, RASA3, ABL1, EPO 1.982284382 1 0.186416112 16.38909649 
GO:1901699~cellular response to nitrogen 
compound 
58 4.145818442 0.00907078 
CPEB3, CYP11B2, DICER1, RBM4, RHOQ, MMP2, EIF4EBP1, NOD1, LEPROT, MTUS1, ARHGEF2, HNRNPA2B1, GRIN2A, TP53, UBR2, SSTR5, ANKRD26, GRB10, UGT2B17, SLC26A6, 
SSTR3, RASGRF1, AKAP6, MAVS, FGFR1, ENPP1, SLC38A9, ERBB3, ITGB3, LIN28A, LIN28B, PPAT, PPP2CA, AGO2, PRKAA2, HCN4, HCN3, ACSL6, HCN1, PDK2, LAMTOR3, ESRRA, 
TNFSF4, BAIAP2L1, CREB1, IL1RN, MUL1, SEPN1, SIRT2, STAT3, P2RX4, SH3BP4, PPP1R9B, P2RX7, YWHAG, ID1, IRF1, KLF3 
1.395557819 1 0.187663263 16.54606364 
GO:0007405~neuroblast proliferation 11 0.786275911 0.009123881 FGFR2, FGFR1, SMO, DAGLA, KCNA1, VEGFA, TP53, PAFAH1B1, VAX1, ACSL6, NUMBL 2.581663631 1 0.188142952 16.6347873 
GO:0070201~regulation of establishment of 
protein localization 
75 5.360972123 0.009220517 
HMGCR, VTCN1, FAM20B, RHOQ, BAP1, REST, LRRC15, ACVR1C, STXBP5L, BAG4, CDKN2A, IFNG, RBCK1, YOD1, LEPROT, ASPH, CDK16, PSMD9, ADAM9, CRTAM, MADD, ZDHHC8, 
UBE2J1, NRXN1, DCTN1, SSTR5, SMO, CCR7, CCR5, ARRB1, DTWD2, CEMIP, HHAT, ABAT, AKAP6, UBL4B, MYO18A, MAVS, CD244, ERBB4, FFAR4, ABLIM3, ERBB2, DRD4, BRSK2, 
PPM1A, HK2, NEO1, MYT1, UBAC2, EDEM1, OAZ2, FGB, PPP2CA, SH3TC2, TRAF6, PLAGL2, TNFSF4, TMBIM6, LRRC46, SMAD4, APPL1, UBE2L3, RPL28, RUFY3, EPHA2, SFRP5, 
PPP1R9B, P2RX7, BBC3, GPR39, MAPK14, SVIP, ABL1, ABL2 
1.332180364 1 0.189427424 16.79602468 
 265 
GO:0030308~negative regulation of cell growth 22 1.572551823 0.009276701 
ENPP1, TP53, BMPR2, SMAD4, MUL1, PPT1, PPP1R9B, SH3BP4, ST7L, CGREF1, CDKN2A, CCR5, SEMA4F, BCL2, SERTAD3, SEMA4C, NAIF1, GAS2L1, SEMA4B, DNAJB2, SEMA4D, 
ZC3H12D 1.820595162 1 0.189955042 16.88963035 
GO:0009719~response to endogenous stimulus 153 10.93638313 0.009337525 
FGF14, RBM4, REST, RORA, MMP2, GDNF, EIF4EBP1, MYD88, CDKN2A, SCLY, CDKN2B, LEPROT, ASPH, MTUS1, EIF2B5, ADAM9, PHOX2B, BSG, STC2, HNRNPA2B1, GRIN2A, UBR2, 
TAT, SSTR5, KRT19, GRB10, SSTR3, RASGRF1, VEGFA, AKAP6, ABAT, ADAMTS1, TNFAIP3, FGFR2, FGFR1, SLC38A9, ERBB4, ENPP1, ERBB3, ERBB2, ONECUT2, DRD4, BMPR2, ELK1, 
ITGB3, TRIM71, SRF, PPAT, NR2C1, VDR, CRB2, FGB, HCN4, ENTPD1, HCN3, GCNT1, HCN1, MUC2, ESRRA, LAMTOR3, IL1RN, ESRRG, SMAD4, SMAD2, SEPN1, UBE2L3, FURIN, PSMB9, 
HDAC5, NOTCH2, P2RX4, P2RX7, P2RX6, EPHA8, ETS1, CXCL13, SMURF1, ABL1, NCOR2, KLF3, CACNA1B, IER2, FGF5, PPARA, PDIA3, FGF9, CPEB3, CYP11B2, TACR1, DUOX1, RHOQ, 
ACVR1C, MBP, LNPEP, GSS, BAG4, CASP6, NOD1, GPC1, ARHGEF2, ACADS, SOX11, TP53, IL6R, MBD1, ANKRD26, SLC26A6, UGT2B17, DGAT1, BTG2, SORT1, PLA2G5, MEGF8, SORD, 
FFAR4, PPM1A, NEO1, CDH5, CALCA, FAT4, BCL2, MAP3K1, PPP2CA, MSI1, PRKAA2, YES1, EHD1, BDH1, ACSL6, APC, EPO, PDK2, DGKQ, TNFSF4, BAIAP2L1, TMBIM6, CREB1, STAT3, 
SIRT2, TP73, MICALL1, PPP1R9B, SH3BP4, YWHAG, ID1, MAPK14, IRF1, ABCC4, GAS2L1, BMPR1B, LRP4, ABCC5, RNF40 
1.204853819 1 0.190564662 16.99085382 
GO:0016570~histone modification 43 3.073624017 0.009390947 
BAP1, PHF20, REST, LIF, JADE2, BRPF1, TAF5L, BRPF3, RNF168, PRKAA2, BAZ2A, BRCC3, KMT5C, JARID2, KANSL2, WDR5, TADA2B, SUV39H1, SMAD4, TP53, RYBP, PADI2, UBR2, 
SIRT7, TET2, SIRT2, ATXN7L3, PAGR1, HDAC5, ATXN3, BRMS1, OTUB1, ARRB1, TRPS1, MSL1, VEGFA, NAA60, KDM4B, SETD6, SETD7, IRF4, RBM14, RNF40 1.486979294 1 0.191034472 17.07966422 
GO:0030970~retrograde protein transport, ER to 
cytosol 7 0.500357398 0.009485239 SYVN1, UBE2J1, SVIP, YOD1, EDEM1, UBAC2, SEL1L 3.711684749 1 0.192248212 17.23619576 
GO:0045084~positive regulation of interleukin-12 
biosynthetic process 4 0.285918513 0.009589452 REL, IFNG, IRF1, TRAF6 8.180856181 1 0.193633531 17.40886977 
GO:0009611~response to wounding 72 5.146533238 0.009599168 
CDK19, PPARA, MASP1, HPS6, HMGCR, DICER1, PIP5K1C, TSPAN8, RORA, GDNF, MMP2, MYD88, LBH, MAP2K7, ANO6, NT5E, CYP1A1, RREB1, PIK3CD, VANGL2, TP53, GRIN2A, SMO, 
DDR1, CCR7, CCR5, VEGFA, CCR2, ABAT, TXNRD1, MVK, BIN3, TNFAIP3, PROS1, FGFR1, ERBB4, FFAR4, ERBB3, ERBB2, ITGB3, FAM46A, FEM1A, SRF, MYL9, STARD13, TNFRSF1B, 
FGB, UBASH3B, BLOC1S3, BCL2, MAP3K1, UCK2, ENTPD1, NBEAL2, EPO, B4GALT1, ABR, TNFSF4, FIBP, SEPN1, MCAM, ANKRD42, AJUBA, NOTCH2, ITGA9, ETS1, SRSF6, MAPK14, 
CD59, SETD6, ID3, SCARA5 
1.336949259 1 0.193296174 17.42495068 
GO:0034109~homotypic cell-cell adhesion 50 3.573981415 0.009632116 
CD244, CD8A, FUT7, VTCN1, ERBB2, PIP5K1C, ITPKB, RORA, ITGB3, SRF, AZI2, MYL9, HSH2D, CDKN2A, FGB, UBASH3B, BCL2, IFNG, TRAF6, LFNG, ZC3H12D, APC, NKX2-3, EPO, 
CRTAM, TCF7, SIT1, TNFSF4, FIBP, SLA2, FLOT2, TP53, CDK6, LIG4, THY1, DUSP3, CCR7, P2RX7, SP3, CD59, CCR2, IRF1, ABAT, TREML2, IRF4, SEMA4D, ABL1, PLA2G2D, ABL2, SLC46A2 1.434518869 1 0.193380916 17.47946313 
GO:0031399~regulation of protein modification 
process 
142 10.15010722 0.009683603 
HMGCR, PPP2R5C, ITPKB, SPRTN, BAK1, DIRAS1, MYD88, CDKN2A, CDKN2B, MAP3K9, IFNG, PELI2, CTDSP2, MAP2K7, ADAM9, PPP1R37, CEP85, RET, MADD, TADA2B, VANGL2, 
SOCS4, RNF222, PROX1, THY1, ARFGEF3, ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, PPME1, ERBB4, ENPP1, ERBB3, PKHD1, ELL, ERBB2, DRD4, 
BMPR2, AKAP13, ITGB3, SH3BP5L, LIF, AHRR, ECE1, AKT1S1, FGB, UBASH3B, TRAF6, DVL3, SASH1, LAMTOR3, TAOK1, ACER2, MYO1D, IL1RN, SMAD4, MUL1, UBE2L3, EPHA2, 
CORO1C, HDAC5, SFRP5, P2RX7, CSRNP3, OTUB1, EPHA8, TRPS1, IKBKG, DNAJB2, SMURF1, ABL1, ABL2, NCOR2, FGF9, CDC14B, DICER1, UVRAG, PHF23, LRRC15, BAG4, NOD1, 
ZFYVE1, PPP2R1B, ARHGEF2, NOS1AP, LIMK1, TP53, CAMSAP3, IL6R, UBN1, ANKRD26, KSR2, SEMA4C, CEMIP, MAP3K10, SEMA4D, MAP3K13, PLA2G5, MAP3K11, RTN4RL1, FFAR4, 
PPP6R3, FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, KLHL40, PAFAH1B1, YES1, APC, EPO, JARID2, RAF1, SIRT2, TP73, AJUBA, PPP1R9B, DUSP3, 
BRMS1, ID1, IRF1, GDF11, KDM4B, SETD7, SVIP, PPP2R4, IGFBP3, LRP4, RNF40, DUSP7, DUSP6 
1.213697171 1 0.193799339 17.56457804 
GO:0046777~protein autophosphorylation 27 1.929949964 0.009725077 
FGFR2, FGFR1, ERBB4, ENPP1, ERBB2, PEAK1, PHKA1, MKNK2, MAPKAPK2, CSNK2A1, MAP3K3, MAP3K9, MAP3K1, YES1, CSNK1G1, SMG1, THY1, MARK2, DDR1, EPHA8, MAPK14, 
VEGFA, ULK3, ABL1, ABL2, MAP3K13, MAP3K11 1.687971417 1 0.19403528 17.63307975 
GO:0006839~mitochondrial transport 26 1.858470336 0.009828947 
FAM20B, ABLIM3, PNPT1, TIMM17B, HK2, BAP1, BAG4, BAK1, BCL2, LEPROT, PLAGL2, ZDHHC8, LRRC46, TP53, TOMM40, UBE2L3, RPL28, STAT3, PPIF, DTWD2, BBC3, SLC25A10, 
NAIF1, HHAT, UBL4B, RHOT2 1.707472276 1 0.195386454 17.80440261 
GO:0002573~myeloid leukocyte differentiation 24 1.715511079 0.009939451 
ZBTB7A, ESRRA, BATF2, EFNA2, CREB1, EPHA2, LIF, CALCA, NOTCH2, CCR7, ID2, GAB2, UBASH3B, MAPK14, SP3, IFNG, VEGFA, CD300LF, PAFAH1B1, IRF4, TRAF6, APC, NFATC1, 
NKX2-3 1.75304061 1 0.196845798 17.98629548 
GO:0010468~regulation of gene expression 289 20.65761258 0.010051078 
MASP1, ATP1B4, REST, RORA, MED20, BAK1, BRPF1, TAF5L, MYD88, RBM8A, CCBE1, IFNG, DHX33, EIF2B5, GTPBP2, PHOX2B, STC2, RREB1, PIK3CD, TADA2B, UBR2, RNF222, PROX1, 
BCL2L12, SPAG8, PPP1CA, MTF1, MED15, CCR5, VEGFA, HES2, ST18, PRDM1, ATXN1L, ERBB4, ELL, ERBB3, ERBB2, CRTC1, TAF9B, MYT1, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, 
DVL3, IKZF4, TCF7, ESRRA, KLF13, KLF16, RYBP, ESRRG, SMAD4, CELSR2, SMAD2, ACACB, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, SRSF6, MLX, CD59, CSRNP1, TRPS1, SMURF1, 
NCOR2, BACH1, FGF5, PPARA, ZBTB33, CPEB3, FGF9, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, DIP2A, NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, FLOT2, TP53, TLE3, NFAM1, 
IL6R, MBD1, MXD4, JMY, SS18, BRWD1, SLC26A9, MAP3K10, SORT1, KCNH8, RBM38, SEMA4D, MAP3K13, EIF5A2, MEGF8, LCORL, USP2, MKNK2, NEO1, FAM46A, SEC14L2, BCL2, 
PPP2CA, AGO2, UNK, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, APBA1, RBM24, DGKQ, JARID2, RBM20, TBX4, ELAVL1, ANKRD42, TP73, STAT3, MEF2D, SNAI3, PAPOLA, BRMS1, 
MAPK12, RPS6KA1, MAPK14, TENM2, RBAK, TCEB2, GAS2L1, RBM14, LRP4, TP53INP1, RBM4, HOXD1, GDNF, CBX7, CBFB, TAPBP, IGHMBP2, NLRC5, EIF4EBP1, CSNK2A1, CDKN2A, 
SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, MVK, TNFAIP3, MAVS, FGFR2, FGFR1, 
TSHZ2, PKHD1, ONECUT2, BMPR2, ELK1, ITGB3, MAPKAPK2, LIN28A, TRIM71, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, MBNL3, TRAF6, RHEBL1, RFX5, TAF8, 
WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, P2RX7, EAF1, EBF4, IKBKG, TDG, HIVEP2, ABL1, SCARA5, DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, RHOQ, 
ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, CDK6, UBE2I, LPIN2, SMO, BTG2, KPNA6, LCOR, SBNO1, ABLIM3, PPM1A, CALCA, TNFRSF1B, 
ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, ZC3H12D, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, CREB1, CEBPG, TMBIM6, RAF1, SIRT7, SIRT2, ATXN7L3, 
ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, POFUT2, IRF4, ID3, BMPR1B, RNF40, NFIB 
1.130455741 1 0.198314164 18.16964984 
GO:0014033~neural crest cell differentiation 13 0.929235168 0.010171506 PHOX2B, RET, ERBB4, SOX11, DICER1, SMAD4, GDNF, CORO1C, SMO, SEMA4F, SEMA4C, SEMA4B, SEMA4D 2.297709606 1 0.199926799 18.36702401 
GO:0010595~positive regulation of endothelial 
cell migration 
11 0.786275911 0.010216982 SASH1, FGFR1, CCR5, ETS1, MAPK14, VEGFA, CCBE1, BMPR2, ATOH8, ITGB3, PROX1 2.540023895 1 0.200210639 18.4414385 
GO:0043507~positive regulation of JUN kinase 
activity 
11 0.786275911 0.010216982 SASH1, DVL3, ERCC6, MAP3K1, IL1RN, VANGL2, MAP3K10, MUL1, TRAF6, MAP2K7, MAP3K11 2.540023895 1 0.200210639 18.4414385 
GO:1903651~positive regulation of cytoplasmic 
transport 
30 2.144388849 0.010251679 
MAVS, ERBB4, FAM20B, ABLIM3, PPM1A, BAP1, EDEM1, BAK1, STX18, RBCK1, ASPH, LEPROT, PLAGL2, ZDHHC8, LRRC46, SMAD4, UBE2L3, RPL28, THY1, SMO, P2RX4, P2RX7, 
DTWD2, GPR39, MAPK14, CEMIP, HHAT, UBL4B, AKAP6, ABL1 
1.626874809 1 0.200303882 18.49817137 
GO:0048732~gland development 54 3.859899929 0.010363409 
NRG3, PLXNA1, CBX7, MMP2, CDKN2A, CDKN2B, STRA6, CYP1A1, RREB1, PROX1, HOXD9, DDR1, SMO, VEGFA, TNFAIP3, FGFR2, FGFR1, ERBB4, ERBB3, ERBB2, ONECUT2, HK2, 
PSAPL1, SRF, PPAT, VDR, BCL2, ALDH1A3, POU2F1, BDH1, NKX2-3, APC, B4GALT1, JARID2, SCD, CEBPG, CREB1, SMAD4, RAF1, SLCO2B1, TET2, EPHA2, PSMB9, HOXB3, NOTCH2, 
RPS6KA1, SP1, ID2, ETS1, SP3, ABL1, NCOR2, SLC46A2, NFIB 
1.408180162 1 0.201741643 18.68060619 
GO:0060322~head development 78 5.575411008 0.010504541 
NRG3, CCDC85C, FGF9, EFNA2, DICER1, BCAN, RORA, GDNF, MMP2, ACVR1C, MBP, BAK1, ATP2B3, CDKN2A, STRA6, UNC5C, ASPH, CASP2, NT5E, PHOX2B, RBFOX2, SGPL1, RAX, 
SECISBP2, TP53, GRIN2A, PADI2, NRXN1, VAX1, PROX1, TACC2, NUMBL, SMO, SSTR3, BTG2, CCR5, ARCN1, SEMA4C, ABAT, SRGAP2, FGFR2, FGFR1, ERBB4, KCNA1, BMPR2, PPT1, 
SRF, FAT4, BCL2, ALDH1A3, PAFAH1B1, LHX6, BDH1, SCN5A, FBXO45, DCLK1, ABR, SLC8A2, NIN, CREB1, RAF1, CELSR2, SLC6A17, TP73, SIRT2, SLC17A7, HOXB3, PPP1R9B, SLC4A10, 
ID2, ETS1, BBC3, ID1, CSRNP1, ABL1, ABL2, NCOR2, NFIB 
1.315296665 1 0.203679291 18.9104939 
GO:0000209~protein polyubiquitination 22 1.572551823 0.010511625 
RNF144A, RNF144B, SASH1, SYVN1, UBE2G1, PPIL2, UBOX5, UBE2L3, CBFB, UBE2R2, BFAR, CDKN2A, OTUB1, BCL2, MAP3K1, RBCK1, UBE2W, RNF168, SMURF1, TNFAIP3, TRAF6, 
RNF40 
1.79978836 1 0.20328363 18.92201824 
GO:0035384~thioester biosynthetic process 6 0.42887777 0.010527371 PDK2, ACSS1, MLYCD, PDK3, DLD, ACACB 4.294949495 1 0.203039634 18.9476247 
GO:0043153~entrainment of circadian clock by 
photoperiod 6 0.42887777 0.010527371 PPP1CA, ID2, USP2, CRTC1, RBM4, TP53 4.294949495 1 0.203039634 18.9476247 
GO:0071616~acyl-CoA biosynthetic process 6 0.42887777 0.010527371 PDK2, ACSS1, MLYCD, PDK3, DLD, ACACB 4.294949495 1 0.203039634 18.9476247 
GO:0007268~synaptic transmission 52 3.716940672 0.010612269 
LZTS1, CPEB3, FGF14, TACR1, SYT2, BCAN, GDNF, LNPEP, PLCB3, TRIM9, SLC24A2, IFNG, NOS1AP, GRIN2A, NRXN1, BTBD9, CHRM5, SSTR3, RASGRF2, RASGRF1, OPHN1, ABAT, 
PTGDR2, SNAP29, ERBB4, ABHD6, CRTC1, DRD4, CACNB1, CACNB2, PPT1, CACNB3, SRF, GJC1, SHISA6, SYN2, PAFAH1B1, NFATC4, APBA1, NTF4, SLC8A2, CREB1, ASIC1, ATXN1, 
SLC17A7, P2RX4, P2RX7, YWHAG, GLS, USP46, CHRNA10, CACNA1B 
1.415319225 1 0.203987508 19.08555713 
 266 
GO:0048593~camera-type eye morphogenesis 17 1.215153681 0.010744275 HCN1, RP1, SOX11, PROX1, EPHA2, THY1, NOTCH2, TSPAN12, BAK1, SP1, ALDH1A3, SP3, VEGFA, GDF11, POU2F1, STRA6, RS1 1.994921897 1 0.205735895 19.29958226 
GO:0051259~protein oligomerization 51 3.645461044 0.010759852 
PRF1, ACHE, ATL2, HMGCR, CRTC1, KCNA1, PNPT1, KCNJ12, KCNA7, PPAT, KCNS3, IGHMBP2, BAG4, HIST1H4A, MAT1A, PPP2CA, MAP3K1, GOPC, ACOT13, PRKAA2, EHD1, ENTPD1, 
BMF, DCTPP1, ACADS, TMEM120B, KCTD21, GRIN2A, TP53, ASIC1, ACACB, NRXN1, TP73, KCTD7, SEPT11, CNGA2, TOR2A, P2RX4, P2RX7, P2RX6, BBC3, RRM2, GLS, TYSND1, CPSF6, 
KCNH7, KCTD15, TXNRD1, SCARA5, WIZ, LRP4 
1.420508588 1 0.205484975 19.32480233 
GO:0097191~extrinsic apoptotic signaling 
pathway 26 1.858470336 0.010965269 
FGFR1, MCL1, PDIA3, ERBB3, MKNK2, BCL2L2, GDNF, BAK1, TNFRSF1B, FGB, BCL2, IFNG, RBCK1, CASP2, PPP2R1B, RET, BCL2L14, MADD, RAF1, P2RX7, PPP1CA, TRPS1, VEGFA, 
SORT1, BMPR1B, TNFAIP3 1.691949801 1 0.208463016 19.65668307 
GO:0032527~protein exit from endoplasmic 
reticulum 8 0.571837026 0.011072965 SYVN1, UBE2J1, SVIP, YOD1, TMED9, EDEM1, UBAC2, SEL1L 3.18144407 1 0.209764599 19.83016276 
GO:0009791~post-embryonic development 18 1.28663331 0.011169637 FGFR2, SGPL1, IMPAD1, MYO7A, DICER1, SMAD2, TET2, MYT1, TP73, BAK1, SLC4A10, CSRNP1, BCL2, VEGFA, AGO2, PRDM1, NKX2-3, PLAGL2 1.937571201 1 0.210871506 19.98558262 
GO:0007519~skeletal muscle tissue development 23 1.644031451 0.011193151 PHOX2B, HMGCR, ERBB3, USP2, ERBB2, SOX11, TAZ, VAX1, SEPN1, MED20, HOXD9, HDAC5, PLAGL1, SMO, MEF2D, BTG2, BCL2, MAPK14, ITGA7, KLHL40, KLHL31, BIN3, GPC1 1.760852734 1 0.21074401 20.02334253 
GO:0018130~heterocycle biosynthetic process 275 19.65689778 0.011270753 
ADCY1, ATP1B4, REST, SPRTN, RORA, MED20, BRPF1, TAF5L, MYD88, MAT1A, IFNG, DHX33, MAP2K7, PHOX2B, RREB1, TADA2B, UBR2, LIG4, RNF222, PROX1, BCL2L12, SPAG8, 
MTF1, MED15, VEGFA, HES2, ST18, PRDM1, ATXN1L, ERBB4, ELL, ERBB2, CRTC1, TAF9B, PPCDC, MYT1, DIDO1, TK2, PPAT, LIF, PLAGL1, AHRR, ALDH4A1, LHX6, MOCS1, NKX2-3, 
PLAGL2, DVL3, IKZF4, TCF7, ESRRA, KLF13, KLF16, RYBP, ESRRG, SMAD4, CELSR2, SMAD2, ACACB, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, CSRNP1, TRPS1, SMURF1, NCOR2, 
BACH1, PPARA, ZBTB33, CPEB3, FGF9, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, SERTAD3, NT5E, ARHGEF2, BATF2, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, 
MXD4, JMY, SS18, BRWD1, RRM2, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, GPR65, NEO1, SEC14L2, PFAS, PPP2CA, AGO2, TSTA3, PRKAA2, FOXD2, ETV6, 
ZSCAN29, BAZ2A, DGKQ, JARID2, TBX4, ANKRD42, TP73, STAT3, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, HOXD1, GDNF, 
CBX7, CBFB, IGHMBP2, NLRC5, CSNK2A1, CDKN2A, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, 
AKAP6, TNFAIP3, SPTB, MAVS, FGFR2, FGFR1, PKHD1, MRAP, DRD4, ONECUT2, BMPR2, ELK1, KMO, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, ECE1, CRB2, OVOL1, TEF, RNF168, 
ENTPD1, TRAF6, RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EAF1, EBF4, IKBKG, TDG, HIVEP2, ABL1, DDX54, PDZD3, DNAJB5, E2F2, 
E2F3, PTGES2, FOXK2, DICER1, RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, PMM2, SMO, BTG2, PANK1, 
KPNA6, LCOR, SBNO1, ABLIM3, PPM1A, ATP5G2, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, UCK1, NFATC4, UCK2, YES1, VPS36, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, 
CEBPG, TMBIM6, CREB1, RAF1, SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.133286424 1 0.211522065 20.14783983 
GO:0030855~epithelial cell differentiation 59 4.21729807 0.011284368 
HPS6, MYO7A, RBM4, DICER1, GDNF, CASP6, MYD88, TMEM231, CDKN2B, IFNG, ATOH8, FNDC3B, ADAM9, CYP1A1, SOX11, LRTOMT, CDK6, PTPRO, PROX1, SMO, CGN, VEGFA, 
SPRR3, SPDEF, PRDM1, SLITRK6, FGFR2, FGFR1, ERBB4, ONECUT2, BMPR2, PSAPL1, CERS3, CDH5, LIF, VDR, FAT4, BCL2, MAP3K1, MSI1, PAFAH1B1, TMEM79, APC, MAF, B4GALT1, 
MUC2, YIPF6, CREB1, PODXL, SMAD4, PCDH15, EPHA2, ID2, FLG, SRSF6, ID1, ID3, NCOR2, NFIB 
1.375689578 1 0.211228514 20.1696632 
GO:0000082~G1/S transition of mitotic cell cycle 19 1.358112938 0.011480561 BACH1, CYP1A1, PPP2R5C, TP53, TRIM71, TP73, CDC25A, PPAT, EIF4EBP1, CDKN2A, CDKN2B, BCL2, HINFP, USP37, CTDSP2, RBM38, CASP2, ZC3H12D, NFATC1 1.888982417 1 0.21396908 20.48351584 
GO:0002065~columnar/cuboidal epithelial cell 
differentiation 
19 1.358112938 0.011480561 FGFR2, FGFR1, YIPF6, HPS6, MYO7A, SOX11, RBM4, DICER1, LRTOMT, CDK6, PCDH15, PROX1, SMO, TMEM231, BCL2, SPDEF, PAFAH1B1, PRDM1, SLITRK6 1.888982417 1 0.21396908 20.48351584 
GO:0046434~organophosphate catabolic process 19 1.358112938 0.011480561 NUDT16, PPARA, ENPP1, ABHD6, TP53, STAT3, P2RX7, PLCB3, ARRB1, MLYCD, NT5M, PDE7A, SCARB1, ENTPD3, ENTPD4, PRKAA2, ENTPD1, NT5E, DCTPP1 1.888982417 1 0.21396908 20.48351584 
GO:0009314~response to radiation 47 3.35954253 0.011646458 
RP1, USP2, HMGCR, CRTC1, DRD4, RBM4, BRSK2, ELK1, SPRTN, ITGB3, MMP2, BAK1, TRIAP1, CASP6, ERCC6, BCL2, AEN, INTS7, CASP7, NFATC4, RNF168, TLK2, ENTPD1, ANGPT2, 
MAP2K7, RS1, BRCC3, CREB1, GRIN2A, TP53, LIG4, IL6R, TP73, CDC25A, DCLRE1C, ATXN1, PPP1R9B, SLC4A10, PPP1CA, CCR5, ID2, ARRB1, BBC3, MAPK14, DMC1, ABL2, TP53INP1 1.437767993 1 0.216186288 20.74798957 
GO:0061351~neural precursor cell proliferation 20 1.429592566 0.011692689 FGFR2, FGFR1, KCNA1, TP53, RORA, VAX1, PROX1, SIRT2, TACC2, NUMBL, HDAC5, SMO, DAGLA, CCR5, BTG2, ID2, VEGFA, PAFAH1B1, NCOR2, ACSL6 1.847290105 1 0.216420537 20.82154125 
GO:0006813~potassium ion transport 25 1.786990708 0.011709755 
KCNH1, KCNA1, ATP1B4, REST, KCNJ12, KCNA7, KCNK10, KCNIP3, KCNJ13, KCNS3, SLC24A2, VPS4B, MTMR6, HCN4, ANO6, HCN3, HCN1, CNGA2, KCNJ9, AKAP6, KCNH7, KCNH8, 
KCNH3, KCNH4, SCN4A 
1.704345038 1 0.216175302 20.84867731 
GO:0046622~positive regulation of organ growth 9 0.643316655 0.011712945 FGFR2, FGFR1, SMO, ERBB4, FGF9, MAPK14, AKAP6, ACACB, PROX1 2.863299663 1 0.215704269 20.85374773 
GO:0048592~eye morphogenesis 21 1.501072194 0.011820096 HCN1, RP1, SOX11, PROX1, EPHA2, STAT3, THY1, BAK1, NOTCH2, CASP6, TSPAN12, SP1, ALDH1A3, SP3, BCL2, VEGFA, GDF11, POU2F1, STRA6, PRDM1, RS1 1.811123281 1 0.216931529 21.02390835 
GO:0048762~mesenchymal cell differentiation 22 1.572551823 0.011875253 FGFR2, PHOX2B, FGFR1, RET, ERBB4, SOX11, DICER1, SMAD4, SMAD2, REST, TRIM62, GDNF, CORO1C, SMO, SEMA4F, CRB2, BCL2, PPP2CA, SEMA4C, SEMA4B, SEMA4D, NFATC1 1.779451768 1 0.217306131 21.11136365 
GO:0010923~negative regulation of phosphatase 
activity 12 0.85775554 0.011991911 BAG4, PPP1R9B, PPP1R37, CSRNP3, ARFGEF3, ELL, MYO1D, CAMSAP3, PPP2R4, SEMA4D, UBN1, ZFYVE1 2.353396984 1 0.21867397 21.29603261 
GO:2000021~regulation of ion homeostasis 24 1.715511079 0.012494459 HCN1, SCN2B, TACR1, ANPEP, ITGB3, HSH2D, THY1, CALCA, P2RX4, BAK1, P2RX7, CCR5, BBC3, UBASH3B, GPR39, BCL2, CEMIP, AKAP6, ASPH, HCN4, ABL1, RASA3, SCN5A, EPO 1.717979798 1 0.226223537 22.08687608 
GO:0048598~embryonic morphogenesis 60 4.288777698 0.0125065 
IMPAD1, FGF9, MYO7A, EFNA2, DICER1, LUZP1, GDNF, MMP2, TMEM231, STRA6, ATOH8, IPMK, RET, SOX11, VANGL2, TP53, PROX1, HOXD9, MIB1, SMO, DLD, SEMA4C, TXNRD1, 
SLITRK6, FRAS1, FGFR2, FGFR1, MEGF8, BMPR2, ITGB3, TRIM71, SRF, ECE1, CRB2, ALDH1A3, MYO15A, FBXW4, POU2F1, TRAF6, DVL3, TCF7, ABR, TBX4, IL1RN, GRSF1, SMAD4, 
SMAD2, PCDH15, EPHA2, HOXB3, SFRP5, NOTCH2, SP1, ID2, SP3, ITGA7, POFUT2, CHRNA10, LRP4, DUSP6 
1.36347603 1 0.22587903 22.10573064 
GO:0097190~apoptotic signaling pathway 55 3.931379557 0.012591025 
E2F2, PDIA3, PPP2R5C, GDNF, BAK1, TRIAP1, AEN, IFNG, RBCK1, CASP2, PPP2R1B, SGPL1, RET, BCL2L14, MADD, TP53, BCL2L12, JMY, PPP1CA, VEGFA, SORT1, TNFAIP3, FGFR1, 
SYVN1, MCL1, ERBB3, MKNK2, BRSK2, BCL2L2, DIDO1, VDR, TNFRSF1B, ERCC6, FGB, BCL2, NFATC4, BMF, EPO, PLAGL2, PDK2, TMBIM6, RAF1, MUL1, TP73, EPHA2, PPIF, P2RX4, 
P2RX7, BBC3, TRPS1, IKBKG, RHOT2, BMPR1B, PERP, TP53INP1 
1.386280647 1 0.22668879 22.23797205 
GO:0030335~positive regulation of cell migration 43 3.073624017 0.012682223 
FGFR1, SHTN1, ERBB4, TACR1, ONECUT2, BMPR2, ITGB3, CBLL1, LRRC15, MMP2, BAG4, GAB2, BCL2, IFNG, CCBE1, ATOH8, FAM83H, ANO6, ADAM9, APC, SASH1, RET, ARHGEF39, 
RREB1, PODXL, PIK3CD, TP53, MCAM, FURIN, PROX1, RUFY3, CCR7, CCR5, CXCL13, ETS1, SEMA4F, MAPK14, CCR2, VEGFA, CEMIP, SEMA4C, SEMA4B, SEMA4D 
1.458790113 1 0.227599089 22.38041243 
GO:0050885~neuromuscular process controlling 
balance 
11 0.786275911 0.01269869 RBFOX2, ABR, ALDH1A3, MYO7A, CNTNAP1, PCDH15, PAFAH1B1, NRXN1, ABL1, ABL2, FOXS1 2.460648148 1 0.227324219 22.40610509 
GO:0033628~regulation of cell adhesion 
mediated by integrin 
8 0.571837026 0.012855007 RET, CXCL13, EPHA8, PODXL, ACER2, ITGB3, EPHA2, ADAM9 3.095459095 1 0.229251289 22.64960196 
GO:0010661~positive regulation of muscle cell 
apoptotic process 
6 0.42887777 0.01303913 CDKN2A, ARRB1, HMGCR, IFNG, TP53, IGFBP3 4.09042809 1 0.231598361 22.93548349 
GO:0051603~proteolysis involved in cellular 
protein catabolic process 58 4.145818442 0.013067798 
UBE2G1, PPP2R5C, MAN1B1, BAP1, ZNRF3, CDKN2A, TRIM9, USP12, VPS4B, RBCK1, TLK2, YOD1, ANKZF1, PSMD7, HERC6, UBE2J1, UBE2I, SOCS4, UBR2, RNF222, ARRB1, UBE2W, 
OPHN1, TNFAIP3, FBXO10, SYVN1, USP8, USP2, ANAPC15, EDEM1, TRIB2, UBE2R2, MAP3K1, KLHL40, USP38, USP37, RNF168, RNF121, VPS36, FBXO45, APC, RNF144A, RNF144B, 
FOXRED2, UBE2L3, SIRT2, PSMB8, PSMB9, BFAR, ATXN3, PSMD13, AREL1, USP46, DNAJB2, SVIP, SMURF1, RNF40, USP45 
1.370225911 1 0.231506788 22.97990433 
GO:1901698~response to nitrogen compound 97 6.933523946 0.013075375 
RBM4, MMP2, EIF4EBP1, MYD88, CDKN2A, SCLY, ASPH, LEPROT, MTUS1, EIF2B5, BSG, STC2, HNRNPA2B1, GRIN2A, UBR2, SSTR5, GRB10, SSTR3, RASGRF1, VEGFA, AKAP6, ABAT, 
TNFAIP3, MAVS, FGFR1, ENPP1, SLC38A9, ERBB3, DRD4, ITGB3, LIN28A, LIN28B, PPAT, HCN4, ENTPD1, HCN3, GCNT1, HCN1, ESRRA, LAMTOR3, IL1RN, MUL1, SEPN1, PSMB9, 
HDAC5, P2RX4, P2RX7, P2RX6, ABL1, NCOR2, KLF3, PPARA, CPEB3, CYP11B2, TACR1, DICER1, DUOX1, RHOQ, ACVR1C, GSS, CASP6, NOD1, ARHGEF2, TP53, IL6R, MBD1, ANKRD26, 
UGT2B17, SLC26A6, BTG2, SORT1, PLA2G5, FFAR4, PPP2CA, BCL2, AGO2, PRKAA2, BDH1, ACSL6, PDK2, TNFSF4, DGKQ, BAIAP2L1, TMBIM6, CREB1, STAT3, SIRT2, TP73, SH3BP4, 
PPP1R9B, YWHAG, ID1, MAPK14, IRF1, ABCC4, ABCC5, RNF40 
1.261308208 1 0.231087696 22.99164048 
GO:0043542~endothelial cell migration 19 1.358112938 0.013124645 FGFR1, SASH1, BMPR2, ITGB3, PROX1, SRF, EPHA2, STARD13, CALCA, HDAC5, CCR5, CXCL13, ETS1, MAPK14, CCBE1, VEGFA, SCARB1, ATOH8, ANGPT2 1.863105945 1 0.231317518 23.06791652 
GO:0032101~regulation of response to external 
stimulus 80 5.718370264 0.013153032 
CDK19, PPARA, LZTS1, MASP1, IL16, PLXNA1, FGF14, HMGCR, PGC, PHF23, TSPAN8, RORA, MMP28, MYD88, LBH, NOD1, LSM4, ANGPT2, NT5E, ANO6, MTUS1, PHYHIP, ZDHHC8, 
TP53, PADI2, NRXN1, CCR7, CCR5, SEMA4F, VEGFA, CCR2, SEMA4C, ABAT, SEMA4B, MVK, PRDM1, SEMA4D, TNFAIP3, PROS1, UBA52, MAVS, MEGF8, FGFR1, FFAR4, BMPR2, HK2, 
CALCOCO2, FAM46A, FEM1A, SEC14L1, MTMR3, TNFRSF1B, GMIP, FGB, UBASH3B, PRKAA2, TRAF6, HAPLN1, SASH1, ST6GAL1, TNFSF4, ABR, EPM2A, KLK5, MUL1, AMBRA1, RPL28, 
FAM131B, SIRT2, ANKRD42, SLC35C1, CXCL13, ETS1, IST1, MAPK14, CD59, SETD6, SMURF1, SCARA5, PIP4K2B 
1.29707799 1 0.231223083 23.11183172 
GO:0008630~intrinsic apoptotic signaling 
pathway in response to DNA damage 
15 1.072194425 0.013196906 MCL1, PPP2R5C, TP53, BCL2L2, BCL2L12, TP73, EPHA2, TRIAP1, BAK1, TNFRSF1B, ERCC6, BBC3, AEN, BCL2, NFATC4 2.064879565 1 0.231368112 23.17965706 
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GO:0008637~apoptotic mitochondrial changes 15 1.072194425 0.013196906 MCL1, ERBB4, TP53, HK2, TP73, PPIF, TRIAP1, BAK1, CDKN2A, BBC3, MAP3K1, BCL2, NAIF1, RHOT2, BMF 2.064879565 1 0.231368112 23.17965706 
GO:0001755~neural crest cell migration 10 0.714796283 0.013199839 CORO1C, PHOX2B, SMO, RET, ERBB4, SEMA4F, SEMA4C, SEMA4B, SEMA4D, GDNF 2.602999694 1 0.23088222 23.18418865 
GO:0014032~neural crest cell development 12 0.85775554 0.013224671 CORO1C, PHOX2B, SMO, RET, ERBB4, SEMA4F, SOX11, DICER1, SEMA4C, SEMA4B, SEMA4D, GDNF 2.321594322 1 0.230735037 23.22255013 
GO:0045599~negative regulation of fat cell 
differentiation 
9 0.643316655 0.013335425 ANKRD26, ENPP1, VEGFA, SORT1, RORA, TRIB2, SIRT2, NCOR2, MMP11 2.801054018 1 0.231904204 23.39342286 
GO:1903214~regulation of protein targeting to 
mitochondrion 
14 1.000714796 0.013399803 ABLIM3, ZDHHC8, FAM20B, LRRC46, BAP1, UBE2L3, RPL28, BAG4, CDKN2A, DTWD2, HHAT, UBL4B, LEPROT, PLAGL2 2.13224443 1 0.232358722 23.49258024 
GO:0051338~regulation of transferase activity 75 5.360972123 0.013580197 
COX11, CDC14B, HMGCR, UVRAG, LRRC15, NLRC5, DIRAS1, CDKN2A, CDKN2B, MAP3K9, MAP2K7, ADAM9, CEP85, PARM1, LIMK1, MADD, VANGL2, TP53, UBE2I, SOCS4, IL6R, 
PROX1, THY1, ARRB1, VEGFA, CEMIP, MAP3K10, AKAP6, TNFAIP3, MAP3K13, MAP3K11, TNFAIP8L3, FGFR1, ERBB4, RTN4RL1, ERBB3, ERBB2, DRD4, AKAP13, ITGB3, FEM1A, TRIB2, 
CALCA, SH3BP5L, AKT1S1, ERCC6, MAP3K3, UBASH3B, MAP3K1, PPP2CA, PIK3R5, TRAF6, APC, EPO, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, IL1RN, MUL1, RAF1, AMBRA1, UBE2L3, 
TP73, CORO1C, SFRP5, AJUBA, DUSP3, P2RX7, EPHA8, IKBKG, ABL1, DUSP7, DUSP6 
1.307840894 1 0.234572623 23.76977968 
GO:0032874~positive regulation of stress-
activated MAPK cascade 
18 1.28663331 0.013765709 DVL3, SASH1, TAOK1, HMGCR, IL1RN, VANGL2, MUL1, MYD88, ERCC6, NOD1, MAP3K3, MAP3K1, VEGFA, SEMA4C, MAP3K10, TRAF6, MAP2K7, MAP3K11 1.89483066 1 0.236846463 24.05385059 
GO:0042325~regulation of phosphorylation 119 8.506075768 0.014065192 
HMGCR, ITPKB, NLRC5, BAK1, DIRAS1, MYD88, CDKN2A, CDKN2B, MAP3K9, IFNG, PELI2, CTDSP2, MAP2K7, ADAM9, CEP85, RET, MADD, VANGL2, SOCS4, PROX1, THY1, GRB10, 
ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, TNFAIP8L3, FGFR1, ERBB4, ENPP1, ERBB3, PKHD1, ERBB2, DRD4, BMPR2, AKAP13, ITGB3, LIF, SH3BP5L, AKT1S1, ECE1, FGB, 
UBASH3B, TRAF6, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, IL1RN, SMAD4, MUL1, EPHA2, CORO1C, PPIF, SFRP5, P2RX7, EPHA8, IKBKG, ABL1, ABL2, PPARA, COX11, FGF9, DICER1, 
UVRAG, LRRC15, BAG4, NOD1, APLN, ARHGEF2, TP53, IL6R, ANKRD26, KSR2, CEMIP, MAP3K10, SEMA4C, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FFAR4, RTN4RL1, COX7A2L, 
FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, PAFAH1B1, PIK3R5, PRKAA2, YES1, EPO, APC, RAF1, AMBRA1, TP73, SIRT2, STAT3, AJUBA, ATXN1, 
PPP1R9B, DUSP3, ID1, IRF1, GDF11, IGFBP3, LRP4, DUSP7, DUSP6 
1.224775916 1 0.240811071 24.51032026 
GO:0051090~regulation of sequence-specific 
DNA binding transcription factor activity 
36 2.573266619 0.014072241 
MAVS, PKHD1, CRTC1, SRF, FOXS1, NLRC5, MYD88, CDKN2A, NOD1, RBCK1, TRAF6, RHEBL1, ARHGEF2, TNFSF4, CEBPG, UBE2I, IL6R, NFAM1, TRIM62, PROX1, ANKRD42, JMY, SFRP5, 
HDAC5, SMO, BRMS1, ID2, ID1, ARRB1, IKBKG, VEGFA, SETD6, MAP3K10, ID3, TNFAIP3, MAP3K13 
1.511419177 1 0.240377178 24.52103337 
GO:0042090~interleukin-12 biosynthetic process 4 0.285918513 0.014553744 REL, IFNG, IRF1, TRAF6 7.158249158 1 0.246991425 25.2493818 
GO:0009134~nucleoside diphosphate catabolic 
process 
4 0.285918513 0.014553744 NUDT16, ENTPD3, ENTPD4, ENTPD1 7.158249158 1 0.246991425 25.2493818 
GO:0043353~enucleate erythrocyte 
differentiation 
4 0.285918513 0.014553744 ID2, SP1, SP3, CEBPG 7.158249158 1 0.246991425 25.2493818 
GO:0040007~growth 88 6.290207291 0.014604423 
SHTN1, PLXNA1, FGF9, SYT2, DICER1, BAP1, ITSN2, FOXS1, CGREF1, MYD88, CSNK2A1, CDKN2A, IFNG, SERTAD3, STRA6, SGPL1, STC2, LIMK1, VANGL2, TP53, IL6R, PROX1, RND2, 
SMO, ANKRD26, DDR1, CCR5, SEMA4F, VEGFA, SEMA4C, NAIF1, AKAP6, SEMA4B, BIN3, SEMA4D, SLITRK6, FGFR2, MEGF8, FGFR1, ERBB4, ENPP1, ERBB2, PNPT1, TAF9B, BMPR2, 
PSAPL1, PPT1, ITGB3, SRF, RASAL1, ERCC6, BCL2, PAFAH1B1, APBA1, ZC3H12D, DCLK1, NIN, CREB1, TAF8, SCD, SMAD4, MUL1, SMAD2, PCDH15, ACACB, SEPN1, TP73, RUFY3, 
STAT3, SFRP5, NOTCH2, PPP1R9B, SH3BP4, ST7L, SLC4A10, DIO3, BBC3, IST1, MAPK14, GDF11, GAS2L1, DNAJB2, SMURF1, ABL1, BMPR1B, IGFBP3, LRP4, DUSP6 
1.272577628 1 0.247191098 25.32565294 
GO:0071495~cellular response to endogenous 
stimulus 
102 7.290922087 0.014680743 
FGF14, RBM4, REST, RORA, MMP2, GDNF, EIF4EBP1, CDKN2B, LEPROT, MTUS1, ADAM9, PHOX2B, GRIN2A, UBR2, SSTR5, GRB10, SSTR3, RASGRF1, VEGFA, AKAP6, ADAMTS1, FGFR2, 
FGFR1, ENPP1, SLC38A9, ERBB3, ONECUT2, BMPR2, ELK1, ITGB3, TRIM71, PPAT, NR2C1, VDR, FGB, CRB2, HCN4, HCN3, HCN1, LAMTOR3, ESRRA, IL1RN, ESRRG, SMAD4, SMAD2, 
SEPN1, UBE2L3, FURIN, P2RX4, NOTCH2, CXCL13, EPHA8, SMURF1, ABL1, KLF3, PPARA, FGF5, PDIA3, FGF9, CPEB3, CYP11B2, RHOQ, ACVR1C, BAG4, NOD1, GPC1, ARHGEF2, SOX11, 
TP53, ANKRD26, UGT2B17, SLC26A6, SORT1, MEGF8, FFAR4, PPM1A, NEO1, CDH5, CALCA, FAT4, MAP3K1, PPP2CA, PRKAA2, EHD1, YES1, ACSL6, APC, PDK2, TNFSF4, BAIAP2L1, 
CREB1, SIRT2, STAT3, MICALL1, SH3BP4, PPP1R9B, YWHAG, ID1, IRF1, GAS2L1, BMPR1B, LRP4 
1.245975109 1 0.247766658 25.44037313 
GO:0044257~cellular protein catabolic process 60 4.288777698 0.014682516 
UBE2G1, PPP2R5C, MAN1B1, BAP1, ZNRF3, CDKN2A, TRIM9, USP12, VPS4B, RBCK1, TLK2, YOD1, ANKZF1, PSMD7, HERC6, UBE2J1, UBE2I, SOCS4, UBR2, RNF222, ARRB1, UBE2W, 
OPHN1, TNFAIP3, FBXO10, SYVN1, USP8, USP2, ANAPC15, PPT1, EDEM1, TRIB2, UBE2R2, MAP3K1, KLHL40, USP38, USP37, RNF168, RNF121, VPS36, FBXO45, APC, RNF144A, 
RNF144B, FOXRED2, UBE2L3, FURIN, SIRT2, PSMB8, PSMB9, BFAR, ATXN3, PSMD13, AREL1, USP46, DNAJB2, SVIP, SMURF1, RNF40, USP45 
1.352739998 1 0.247246121 25.44303595 
GO:0070304~positive regulation of stress-
activated protein kinase signaling cascade 
18 1.28663331 0.014728718 DVL3, SASH1, TAOK1, HMGCR, IL1RN, VANGL2, MUL1, MYD88, ERCC6, NOD1, MAP3K3, MAP3K1, VEGFA, SEMA4C, MAP3K10, TRAF6, MAP2K7, MAP3K11 1.880999779 1 0.247378155 25.51240121 
GO:0060420~regulation of heart growth 10 0.714796283 0.014782625 FGFR2, FGFR1, ERBB4, FGF9, MAPK14, AKAP6, ACACB, PROX1, TP73, DUSP6 2.556517557 1 0.247621932 25.59325554 
GO:0048841~regulation of axon extension 
involved in axon guidance 
8 0.571837026 0.014834072 MEGF8, PLXNA1, SEMA4F, VEGFA, SEMA4C, BMPR2, SEMA4B, SEMA4D 3.013999646 1 0.247828654 25.6703428 
GO:0048675~axon extension 16 1.143674053 0.014944992 MEGF8, SHTN1, PLXNA1, LIMK1, BMPR2, SRF, RUFY3, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, SEMA4B, PAFAH1B1, SEMA4D, DCLK1 1.974689423 1 0.248896757 25.83628738 
GO:0010524~positive regulation of calcium ion 
transport into cytosol 
9 0.643316655 0.015116103 P2RX4, BAK1, P2RX7, GPR39, CEMIP, AKAP6, ASPH, ABL1, THY1 2.741457124 1 0.250826686 26.09158899 
GO:0045668~negative regulation of osteoblast 
differentiation 
9 0.643316655 0.015116103 HDAC5, FGFR1, ID2, ID1, CDK6, ID3, SEMA4D, FNDC3B, NFATC1 2.741457124 1 0.250826686 26.09158899 
GO:0021537~telencephalon development 31 2.215868477 0.015190706 
FGFR1, NRG3, CCDC85C, ERBB4, EFNA2, KCNA1, DICER1, BCAN, SRF, ACVR1C, FAT4, ALDH1A3, LHX6, PAFAH1B1, SCN5A, FBXO45, SLC8A2, NIN, SECISBP2, GRIN2A, PROX1, TP73, 
TACC2, NUMBL, SMO, PPP1R9B, ID2, BTG2, NCOR2, SRGAP2, NFIB 
1.562716366 1 0.251356177 26.20263758 
GO:0034645~cellular macromolecule 
biosynthetic process 
329 23.51679771 0.015550011 
B3GALT4, ATP1B4, REST, SPRTN, RORA, MED20, BRPF1, TAF5L, MYD88, RBM8A, IFNG, DHX33, MAP2K7, EIF2B5, GTPBP2, PHOX2B, RREB1, VANGL2, TADA2B, UBE2J1, UBR2, LIG4, 
RNF222, BCL2L12, PROX1, RFC5, SPAG8, GRB10, PPP1CA, CCR7, MTF1, MED15, VEGFA, HES2, ST18, PRDM1, ATXN1L, ENPP1, ERBB4, ELL, ERBB2, CRTC1, TAF9B, MYT1, DIDO1, TK2, 
LIF, QRSL1, PLAGL1, AHRR, GORASP1, ZDHHC9, LHX6, GCNT1, PLAGL2, NKX2-3, DVL3, MGAT4A, IKZF4, TCF7, ST6GAL1, ESRRA, KLF13, EIF1AD, ACER2, KLF16, RYBP, ESRRG, SMAD4, 
SMAD2, CELSR2, UBE2L3, PORCN, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, CSRNP1, TRPS1, SMURF1, ALG12, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, CRCP, RFXANK, FOXS1, 
KCNIP3, ZBTB38, ST6GALNAC6, TRIAP1, NOD1, HIF1AN, SERTAD3, ARHGEF2, BATF2, ZDHHC8, ZDHHC7, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, MXD4, JMY, SS18, BRWD1, RRM2, 
MAP3K10, KCNH8, SEMA4D, MAP3K13, EIF5A2, AARS2, MEGF8, LCORL, USP2, FUT7, ABTB1, MKNK2, ZDHHC18, NEO1, EDEM1, NECAB3, SEC14L2, MRPL11, MRPL10, MRPL15, BCL2, 
PPP2CA, FUT4, AGO2, FUT1, UNK, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, GALNT14, DGKQ, JARID2, TBX4, ELAVL1, ANKRD42, TP73, RPL28, STAT3, MEF2D, SNAI3, BRMS1, MAPK12, 
RPS6KA1, MAPK14, TENM2, RBAK, TCEB2, DPM2, SVIP, RBM14, LRP4, TP53INP1, RPL36A, RBM4, HOXD1, GDNF, CBX7, CBFB, IGHMBP2, NLRC5, EIF4EBP1, CSNK2A1, CDKN2A, 
SMARCD2, B3GALNT2, ORC4, RBCK1, ASPH, ATOH8, SCRT1, ORC2, SCRT2, RBFOX2, RET, CHTF8, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, MVK, 
TNFAIP3, UBA52, FGFR2, MAVS, FGFR1, SYVN1, PKHD1, ONECUT2, BMPR2, ELK1, ST8SIA3, LIN28A, TRIM71, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, B4GALT6, 
TRAF6, RHEBL1, B4GALT1, B4GAT1, RFX5, TAF8, GINS3, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HDAC5, HOXB3, ST7L, EAF1, EBF4, ST8SIA4, SLC25A10, IKBKG, TDG, 
HIVEP2, CARS2, ABL1, SLC25A15, DNAJB5, E2F2, E2F3, PTGES2, ALG1, FOXK2, DICER1, MAN1B1, RHOQ, ZKSCAN5, WARS, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, KMT5C, 
RAX, SLA2, SOX11, PADI2, UBE2I, MRPS7, MAN1A1, LPIN2, SMO, ATG4D, BTG2, HHAT, KPNA6, LCOR, WIZ, SBNO1, GALNT7, ABLIM3, PPM1A, CALCA, ERCC6, REL, MAP3K1, POU2F2, 
CCDC126, HINFP, POU2F1, NFATC4, YES1, VPS36, ZC3H12D, NFATC1, EPO, B4GALNT1, MAF, ZBTB7A, TNFSF4, CREB1, CEBPG, TMBIM6, RAF1, SIRT7, ATXN7L3, SIRT2, AJUBA, ATXN1, 
ATXN3, SP1, ID2, ID1, SP3, SETD6, KLHL31, IRF1, SETD7, SP7, POFUT2, IRF4, ID3, BMPR1B, NFIB 
1.109570776 1 0.255952482 26.73525681 
GO:0001568~blood vessel development 56 4.002859185 0.015621179 
FGF9, DICER1, LUZP1, ANPEP, RORA, ENPEP, MMP2, FOXS1, BAK1, TSPAN12, WARS, IFNG, CCBE1, ROBO4, STRA6, ANGPT2, LOXL1, SGPL1, NRXN1, PROX1, THY1, MIB1, SMO, CCR5, 
VEGFA, CCR2, PRDM1, ASB4, FGFR2, FGFR1, MEGF8, BMPR2, ITGB3, SRF, CDH5, GJC1, STARD13, LIF, FBXW8, AGGF1, MAP3K3, NFATC4, B4GALT1, PTPRB, COL4A3, SASH1, TBX4, 
MCAM, EPHA2, HOXB3, HDAC5, NOTCH2, LAMA4, ETS1, MAPK14, ITGA7 
1.365798817 1 0.2564146 26.84031924 
GO:0042063~gliogenesis 31 2.215868477 0.015859449 FGF5, ERBB3, ERBB2, DICER1, LIN28A, LIF, BCL2, IFNG, PAFAH1B1, SH3TC2, GPC1, EIF2B5, PHOX2B, CREB1, SOX11, HNRNPA2B1, CDK6, MXRA8, MBD1, TP73, STAT3, SIRT2, ATXN1, 1.55723315 1 0.259238689 27.19102821 
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SMO, ID2, BBC3, WDR1, ABL1, ABL2, SRGAP2, NFIB 
GO:0007517~muscle organ development 37 2.644746247 0.015948165 
FGFR2, FGFR1, ERBB4, USP2, ERBB3, HMGCR, FGF9, ERBB2, MYT1, MED20, LIF, PLAGL1, BCL2, KLHL40, STRA6, GPC1, PHOX2B, CREB1, SOX11, TAZ, VANGL2, VAX1, SEPN1, PROX1, 
TP73, SIRT2, HOXD9, HDAC5, MEF2D, SMO, BTG2, MAPK14, ITGA7, KLHL31, AKAP6, BIN3, ID3 
1.487950668 1 0.259935781 27.32120033 
GO:0001541~ovarian follicle development 12 0.85775554 0.015975225 ERMP1, ARRB1, BCL2, VEGFA, SMAD4, ADRBK1, BMPR1B, DMC1, LFNG, MMP2, ACVR1C, EIF2B5 2.260499734 1 0.259763078 27.36086124 
GO:0032270~positive regulation of cellular 
protein metabolic process 115 8.220157255 0.016004702 
HMGCR, RBM4, SPRTN, REST, BAK1, DIRAS1, MYD88, CDKN2A, MAP3K9, IFNG, CCBE1, PELI2, ASPH, MAP2K7, EIF2B5, ADAM9, RET, MADD, TADA2B, VANGL2, SECISBP2, SOCS4, 
PROX1, THY1, ARRB1, CCR2, VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, FGFR1, TNFAIP8L3, ERBB4, ERBB3, ERBB2, DRD4, BMPR2, ITGB3, LIN28A, LIF, AHRR, FGB, TRAF6, DVL3, SASH1, 
LAMTOR3, TAOK1, ACER2, IL1RN, SMAD4, MUL1, UBE2L3, P2RX7, BBC3, EPHA8, IKBKG, CYFIP2, DNAJB2, SMURF1, ABL1, ABL2, NCOR2, PDIA3, FGF9, CDC14B, CPEB3, PHF23, 
ACVR1C, BAG4, NOD1, ARHGEF2, NOS1AP, TP53, IL6R, KSR2, CEMIP, MAP3K10, SEMA4C, SEMA4D, MAP3K13, EIF5A2, PLA2G5, MAP3K11, CLN6, FFAR4, TRIB2, CALCA, TNFRSF1B, 
ERCC6, MAP3K3, BCL2, MAP3K1, PPP2CA, YES1, EPO, RNF144A, RNF144B, COL4A3, JARID2, RAF1, ELAVL1, TP73, SIRT2, AJUBA, BRMS1, IST1, GDF11, SVIP, PPP2R4, SNX33, PERP, 
IGFBP3, LRP4, RNF40 
1.225910131 1 0.259625084 27.40404127 
GO:1903749~positive regulation of establishment 
of protein localization to mitochondrion 
13 0.929235168 0.01600943 ABLIM3, ZDHHC8, FAM20B, LRRC46, BAP1, UBE2L3, RPL28, BBC3, DTWD2, HHAT, UBL4B, LEPROT, PLAGL2 2.164121839 1 0.259141522 27.41096492 
GO:0007507~heart development 56 4.002859185 0.016213017 
PPARA, FGF9, DICER1, LUZP1, REST, MMP2, CASP7, STRA6, SOX11, TAZ, VANGL2, TP53, MBD1, PROX1, MIB1, SMO, VEGFA, AKAP6, ADAMTS1, PRDM1, FGFR2, FGFR1, MEGF8, 
ERBB4, ERBB3, ERBB2, ADRBK1, SRF, GJC1, VDR, ECE1, FAT4, SPEG, PPP2CA, ANKS6, NFATC4, SCN5A, NFATC1, DVL3, ALPK3, CREB1, RBM20, SMAD4, RAF1, SMAD2, ACACB, TP73, 
HDAC5, MEF2D, NOTCH2, ID2, ID1, MAPK14, TRPS1, ID3, NCOR2 
1.36347603 1 0.261432714 27.7085023 
GO:1903649~regulation of cytoplasmic transport 44 3.145103645 0.016289147 
MAVS, ERBB4, ABLIM3, FAM20B, RBM4, PPM1A, BAP1, ITGB3, UBAC2, EDEM1, CALCA, BAG4, BAK1, CDKN2A, STX18, UBASH3B, BCL2, PPP2CA, RBCK1, ASPH, LEPROT, YOD1, PLAGL2, 
EPO, ZDHHC8, SMAD4, UBE2J1, LRRC46, UBE2L3, RPL28, THY1, SFRP5, SMO, P2RX4, P2RX7, DTWD2, GPR39, MAPK14, CEMIP, HHAT, UBL4B, AKAP6, SVIP, ABL1 
1.42840346 1 0.261939647 27.81946581 
GO:1902589~single-organism organelle 
organization 
187 13.36669049 0.016496784 
RP1, SHTN1, REST, VPS33A, BAK1, FAM73A, TAF5L, BRPF1, PACSIN1, CDKN2A, SMARCD2, BRPF3, VPS4B, LSM4, MAP2K7, CEP85, PHYHIP, STMN3, VANGL2, TADA2B, SGOL1, 
HNRNPA2B1, TAZ, UBR2, PROX1, DCTN1, TACC2, DCLRE1C, KRT19, LETM1, ARRB1, CGN, VEGFA, OPHN1, CLIP2, MYO18A, ADD2, FGFR2, ELAC2, PKHD1, ONECUT2, ANAPC15, PNPT1, 
CEP164, SRF, CORO2B, LIF, QRSL1, CORO2A, GMIP, PVRL2, RNF168, IQSEC3, SEC23IP, LFNG, IQSEC2, RAB8B, VAV3, ABR, NIN, KANSL2, WDR5, SMAD4, SUV39H1, RYBP, MUL1, 
SMG1, CELSR2, PCDH15, TET2, FAM131B, CORO1C, PPIF, HDAC5, PAGR1, BBC3, OTUB1, FLG, TRPS1, MSL1, NAA60, RHOT2, MAP6, WDR1, SMURF1, ABL1, ABL2, LIMA1, LZTS2, 
KIF24, TACR1, DICER1, UVRAG, RHOQ, PHF23, PIP5K1C, BAP1, PHF20, RAB3IP, BAG4, JADE2, TMEM231, TRIM9, TTC30B, TRMT5, GOPC, LMOD1, FAM83H, VCPIP1, PARVG, STX6, 
FMNL3, ARHGEF2, BRCC3, KMT5C, LIMK1, ARHGEF18, ERMN, TP53, PADI2, CAMSAP3, UBE2I, MRPS7, NRXN1, MBD1, CHAMP1, JMY, MFN1, SS18, ATG4D, LIMCH1, NAIF1, DIS3L2, 
MAPRE2, DMC1, AARS2, SRGAP2, SNAP29, SNX18, ABLIM3, BRSK2, HK2, GPR65, CALCOCO2, NCKAP5L, BCL2, MAP3K1, WIPF2, PAFAH1B1, PRKAA2, EHD1, BAZ2A, APC, SYNPO, 
HAPLN1, BAIAP2L1, JARID2, RAF1, SIRT7, SUN1, AMBRA1, TMED9, SMC2, STAT3, RUFY3, SIRT2, ATXN7L3, CDC25A, SLC17A7, PPP1R9B, SLC35C1, ATXN3, PSMD13, BRMS1, ID1, 
CEP68, IST1, SETD6, KDM4B, SETD7, ABCC4, GAS2L1, PPP2R4, SNX33, IRF4, RBM14, RNF40 
1.160461719 1 0.26426089 28.12128886 
GO:0051272~positive regulation of cellular 
component movement 
44 3.145103645 0.016558872 
MEGF8, FGFR1, SHTN1, ERBB4, TACR1, ONECUT2, BMPR2, ITGB3, CBLL1, LRRC15, MMP2, BAG4, GAB2, BCL2, IFNG, CCBE1, ATOH8, FAM83H, ANO6, ADAM9, APC, SASH1, RET, 
ARHGEF39, RREB1, PODXL, PIK3CD, TP53, MCAM, FURIN, PROX1, RUFY3, CCR7, CCR5, CXCL13, ETS1, SEMA4F, MAPK14, CCR2, VEGFA, CEMIP, SEMA4C, SEMA4B, SEMA4D 
1.425171778 1 0.264563597 28.21130727 
GO:0043405~regulation of MAP kinase activity 28 2.001429593 0.016619206 
FGFR1, HMGCR, ERBB2, DRD4, FEM1A, TRIB2, DIRAS1, ERCC6, MAP3K1, TRAF6, MAP2K7, SASH1, DVL3, MADD, IL1RN, VANGL2, MUL1, TP73, SFRP5, AJUBA, P2RX7, DUSP3, ARRB1, 
VEGFA, MAP3K10, DUSP7, DUSP6, MAP3K11 
1.597059573 1 0.264840674 28.29867895 
GO:0040017~positive regulation of locomotion 45 3.216583274 0.016872946 
FGFR1, MEGF8, SHTN1, ERBB4, IL16, TACR1, ONECUT2, BMPR2, ITGB3, CBLL1, LRRC15, MMP2, BAG4, GAB2, BCL2, IFNG, CCBE1, ATOH8, FAM83H, ANO6, ADAM9, APC, SASH1, 
RET, ARHGEF39, RREB1, PODXL, PIK3CD, TP53, MCAM, FURIN, PROX1, RUFY3, CCR7, CCR5, CXCL13, ETS1, SEMA4F, MAPK14, CCR2, VEGFA, CEMIP, SEMA4C, SEMA4B, SEMA4D 
1.419036177 1 0.267758987 28.66502982 
GO:0042060~wound healing 41 2.930664761 0.016993424 
PPARA, FGFR1, ERBB4, HPS6, HMGCR, ERBB2, DICER1, PIP5K1C, TSPAN8, ITGB3, FAM46A, SRF, MYL9, STARD13, LBH, FGB, BLOC1S3, UBASH3B, MAP3K1, ENTPD1, ANO6, NBEAL2, 
B4GALT1, FIBP, RREB1, PIK3CD, VANGL2, TP53, SEPN1, MCAM, AJUBA, ITGA9, NOTCH2, DDR1, ETS1, MAPK14, VEGFA, ABAT, BIN3, PROS1, SCARA5 
1.445754756 1 0.268843762 28.8383522 
GO:0055025~positive regulation of cardiac 
muscle tissue development 8 0.571837026 0.017020795 FGFR2, FGFR1, ERBB4, ERBB3, FGF9, CREB1, MAPK14, AKAP6 2.936717603 1 0.268660444 28.87767434 
GO:0046902~regulation of mitochondrial 
membrane permeability 9 0.643316655 0.017062958 PPIF, BAK1, BBC3, BCL2, TP53, NAIF1, HK2, RHOT2, STAT3 2.684343434 1 0.268678076 28.93820412 
GO:0060056~mammary gland involution 5 0.357398142 0.01730705 B4GALT1, VDR, CDKN2A, ERBB3, ERBB2 4.772166105 1 0.271415847 29.28767076 
GO:0051271~negative regulation of cellular 
component movement 
28 2.001429593 0.017420534 NRG3, ERBB4, ABHD6, MMP28, SRF, STARD13, ACVR1C, BCL2, ROBO4, ANGPT2, GPR173, MUC2, ABR, IL1RN, PADI2, STAT3, THY1, HDAC5, CORO1C, CCR5, SEMA4F, CXCL13, 
SEMA4C, SEMA4B, SEMA4D, IGFBP3, SRGAP2, TP53INP1 
1.590722035 1 0.272383092 29.44958926 
GO:0019438~aromatic compound biosynthetic 
process 
273 19.51393853 0.017608643 
ADCY1, ATP1B4, REST, SPRTN, RORA, MED20, BRPF1, TAF5L, MYD88, MAT1A, IFNG, DHX33, MAP2K7, PHOX2B, RREB1, TADA2B, UBR2, LIG4, RNF222, PROX1, BCL2L12, SPAG8, 
MTF1, MED15, VEGFA, HES2, ST18, PRDM1, ATXN1L, ERBB4, ELL, ERBB2, CRTC1, TAF9B, PPCDC, MYT1, DIDO1, TK2, PPAT, LIF, PLAGL1, AHRR, LHX6, NKX2-3, PLAGL2, DVL3, IKZF4, 
TCF7, ESRRA, KLF13, KLF16, RYBP, ESRRG, SMAD4, CELSR2, SMAD2, ACACB, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, MLX, CSRNP1, TRPS1, SMURF1, NCOR2, BACH1, PPARA, ZBTB33, 
CPEB3, FGF9, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, TRIAP1, NOD1, HIF1AN, SERTAD3, NT5E, ARHGEF2, BATF2, TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, MXD4, JMY, SS18, 
BRWD1, RRM2, MAP3K10, KCNH8, SEMA4D, MAP3K13, MEGF8, LCORL, USP2, GPR65, NEO1, SEC14L2, PFAS, PPP2CA, AGO2, TSTA3, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, 
JARID2, TBX4, ANKRD42, STAT3, TP73, MEF2D, SNAI3, BRMS1, MAPK12, RPS6KA1, TENM2, MAPK14, RBAK, TCEB2, RBM14, LRP4, TP53INP1, HOXD1, GDNF, CBX7, CBFB, IGHMBP2, 
NLRC5, CSNK2A1, CDKN2A, SMARCD2, RBCK1, ATOH8, ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, AKAP6, TNFAIP3, SPTB, 
MAVS, FGFR2, FGFR1, PKHD1, MRAP, DRD4, ONECUT2, BMPR2, ELK1, KMO, LIN28A, LIN28B, SRF, NR2C1, VDR, FOXQ1, ECE1, CRB2, OVOL1, TEF, RNF168, ENTPD1, TRAF6, RHEBL1, 
RFX5, TAF8, WDR5, ARID3A, SUV39H1, ARID3B, TET2, TRIM62, HOXB3, HDAC5, EAF1, EBF4, IKBKG, TDG, HIVEP2, ABL1, DDX54, PDZD3, DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, 
RHOQ, ZKSCAN5, MAZ, LBH, PCGF6, HOMEZ, TNIP2, PSMD9, PARM1, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, PMM2, SMO, BTG2, PANK1, KPNA6, LCOR, SBNO1, ABLIM3, 
PPM1A, ATP5G2, CALCA, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, UCK1, NFATC4, UCK2, YES1, VPS36, NFATC1, EPO, MAF, ZBTB7A, TNFSF4, CEBPG, TMBIM6, CREB1, RAF1, 
SIRT7, SIRT2, ATXN7L3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, NFIB 
1.123427433 1 0.274340229 29.71720689 
GO:0048589~developmental growth 63 4.503216583 0.017640517 
PLXNA1, SHTN1, FGF9, SYT2, DICER1, ITSN2, FOXS1, STRA6, SGPL1, STC2, LIMK1, VANGL2, TP53, IL6R, PROX1, RND2, ANKRD26, SMO, CCR5, SEMA4F, VEGFA, SEMA4C, AKAP6, 
SEMA4B, BIN3, SEMA4D, SLITRK6, FGFR2, FGFR1, MEGF8, ERBB4, BMPR2, PSAPL1, SRF, RASAL1, ERCC6, BCL2, PAFAH1B1, APBA1, DCLK1, NIN, CREB1, TAF8, SMAD4, MUL1, SMAD2, 
PCDH15, ACACB, SEPN1, TP73, RUFY3, STAT3, SFRP5, NOTCH2, SLC4A10, DIO3, IST1, MAPK14, SMURF1, BMPR1B, ABL1, LRP4, DUSP6 
1.328334895 1 0.27420749 29.76245766 
GO:0014706~striated muscle tissue development 39 2.787705504 0.017805945 
FGFR2, FGFR1, ERBB4, USP2, ERBB3, HMGCR, FGF9, ERBB2, DICER1, MED20, SRF, GJC1, PLAGL1, SPEG, BCL2, KLHL40, GPC1, PHOX2B, ALPK3, CREB1, SOX11, TAZ, VAX1, SEPN1, 
PROX1, TP73, SIRT2, HOXD9, HDAC5, MEF2D, SMO, BTG2, ID2, MAPK14, VEGFA, ITGA7, KLHL31, AKAP6, BIN3 
1.457815755 1 0.275846306 29.99686881 
GO:0033554~cellular response to stress 148 10.57898499 0.017851985 
HMGCR, FGF14, PPP2R5C, RBM4, SPRTN, RORA, VPS33A, MMP2, BAK1, EIF4EBP1, MYD88, CDKN2A, SCLY, INTS7, IFNG, LSM4, TLK2, ANKZF1, MAP2K7, EIF2B5, AP5Z1, NUDT16, 
PHYHIP, STC2, VANGL2, UBE2J1, LIG4, BCL2L12, FOXN3, DCLRE1C, FAAP100, VEGFA, TNFAIP3, UBA52, PACS2, SYVN1, MCL1, PNPT1, BMPR2, BCL2L2, MAPKAPK2, UBAC2, SRF, 
GMIP, RNF168, TRAF6, FBXO45, DVL3, SASH1, VAV3, TAOK1, EPM2A, FOXRED2, IL1RN, SUV39H1, MUL1, SEPN1, EPHA2, FAM131B, HDAC5, PPIF, SFRP5, BFAR, OTUB1, ETS1, BBC3, 
IKBKG, TDG, DNAJB2, SMURF1, ABL1, SCARA5, SEL1L, PIP4K2B, BACH1, ARMT1, LZTS1, PDIA3, CYP11B2, MAN1B1, UVRAG, PHF23, ZBTB38, TRIAP1, NOD1, HIF1AN, AEN, YOD1, 
CASP2, BRCC3, NOS1AP, SWSAP1, ZDHHC8, TP53, CDK6, SMO, ATG4D, BTG2, SEMA4C, SUSD6, MAP3K10, UBE2W, TXNRD1, RBM38, DMC1, MAP3K13, MAP3K11, SNAP29, BRSK2, 
HK2, CALCOCO2, EDEM1, MTMR3, TNFRSF1B, ERCC6, MAP3K3, MDC1, BCL2, MAP3K1, HINFP, NFATC4, PAFAH1B1, PRKAA2, RNF121, RASA3, APC, EPO, PDK2, HAPLN1, TMBIM6, 
CEBPG, PDK3, AMBRA1, EXO5, RPL28, SIRT2, TP73, AJUBA, SLC35C1, ATXN3, DUSP3, ID2, MAPK14, IST1, SETD7, GAS2L1, SVIP, TP53INP1 
1.185034536 1 0.275898163 30.06197398 
GO:0002064~epithelial cell development 27 1.929949964 0.017887379 
FGFR2, FGFR1, MYO7A, ONECUT2, DICER1, GDNF, CDH5, LIF, MYD88, MAP3K1, PAFAH1B1, TMEM79, B4GALT1, MUC2, YIPF6, PODXL, LRTOMT, CDK6, PCDH15, PROX1, EPHA2, 
SMO, ID1, CGN, SPDEF, PRDM1, SLITRK6 
1.603923048 1 0.275809477 30.11198723 
GO:0043406~positive regulation of MAP kinase 
activity 
21 1.501072194 0.017960062 FGFR1, DVL3, SASH1, MADD, ERBB2, IL1RN, VANGL2, DRD4, MUL1, TP73, AJUBA, P2RX7, DIRAS1, ERCC6, ARRB1, MAP3K1, VEGFA, MAP3K10, TRAF6, MAP2K7, MAP3K11 1.737840836 1 0.276211552 30.21458167 
GO:0019915~lipid storage 10 0.714796283 0.01836078 PPARA, DGAT1, ENPP1, SCARB1, ACACB, ITGB3, EHD1, LDAH, B4GALNT1, ACVR1C 2.468361779 1 0.280899624 30.77765201 
 269 
GO:0033674~positive regulation of kinase activity 44 3.145103645 0.018435501 
TNFAIP8L3, FGFR1, ERBB4, ERBB3, ERBB2, DRD4, ITGB3, CALCA, DIRAS1, ERCC6, MAP3K3, MAP3K1, MAP3K9, PPP2CA, TRAF6, MAP2K7, ADAM9, EPO, DVL3, SASH1, LAMTOR3, 
VAV3, MADD, TAOK1, IL1RN, VANGL2, RAF1, MUL1, IL6R, AMBRA1, PROX1, TP73, AJUBA, P2RX7, EPHA8, ARRB1, VEGFA, IKBKG, CEMIP, MAP3K10, AKAP6, ABL1, MAP3K13, 
MAP3K11 
1.415563878 1 0.281312002 30.88216927 
GO:0008544~epidermis development 29 2.072909221 0.018559711 
FGFR2, PPARA, FGFR1, MYO7A, DICER1, CERS3, VDR, FOXQ1, CDKN2A, BCL2, OVOL1, PAFAH1B1, TMEM79, APC, ADAM9, NTF4, VANGL2, SMAD4, LRTOMT, PCDH15, GRHL1, EPHA2, 
SMO, SRSF6, FLG, TRPS1, SPRR3, SLITRK6, LRP4 
1.566711137 1 0.282363421 31.05557611 
GO:0046907~intracellular transport 127 9.077912795 0.018613031 
TGOLN2, FAM20B, RBM4, VPS33A, BAK1, CDKN2A, GAB2, ANKRD50, IFNG, VPS4B, RBCK1, LEPROT, ASPH, SAR1B, AP5Z1, BSG, HNRNPA2B1, UBE2J1, DCTN1, THY1, SGSM2, CCR5, 
DTWD2, AKAP6, UBL4B, MYO18A, MAVS, PACS2, FGFR1, SYVN1, ERBB4, RTP1, ERBB2, COPZ1, PNPT1, CACNB1, AKAP13, ITGB3, UBAC2, OAZ2, UBASH3B, BLOC1S3, STX18, SCARB2, 
SH3TC2, PLAGL2, RAB8B, SMAD4, MUL1, TOMM40, NXF1, UBE2L3, SFRP5, PPIF, P2RX4, P2RX7, PLEKHA8, BBC3, GPR39, MLX, SLC25A10, IKBKG, RHOT2, SMURF1, ABL1, SEL1L, 
LZTS2, HTATIP2, ATL2, FGF9, MYO7A, TIMM17B, UVRAG, BAP1, RAB3IP, KCNIP3, BAG4, PLCB3, TTC30B, RAB6B, YOD1, GOLGA5, STX6, ZDHHC8, TP53, SMO, ATG4D, ARCN1, NAIF1, 
THOC6, HHAT, CEMIP, SORT1, KPNA6, SNX18, ABLIM3, HK2, PPM1A, KLC2, EDEM1, CALCA, RAB43, BCL2, DDX19B, TAP2, PPP2CA, PAFAH1B1, EHD1, RASA3, VPS36, APBA1, EPO, 
SPRN, SLC8A2, SNX27, LRRC46, TMED9, STAT3, RPL28, RUFY3, MICALL1, ATXN1, YWHAG, MAPK14, SVIP, SNX33, GGA2 
1.20251011 1 0.282493375 31.12988857 
GO:0010001~glial cell differentiation 25 1.786990708 0.018768294 
FGF5, PHOX2B, ERBB3, SOX11, ERBB2, DICER1, HNRNPA2B1, MXRA8, LIN28A, MBD1, TP73, SIRT2, STAT3, LIF, SMO, ID2, BBC3, BCL2, WDR1, SH3TC2, ABL1, GPC1, ABL2, EIF2B5, 
NFIB 1.634303461 1 0.283935256 31.34584624 
GO:0042330~taxis 47 3.35954253 0.018796832 
FGFR1, MEGF8, NRG3, PLXNA1, IL16, EFNA2, ERBB2, BMPR2, PIP5K1C, ITGB3, MMP28, CALCA, IFNG, CKLF, UNC5C, ANO6, ANGPT2, MTUS1, ST6GAL1, VAV3, B4GAT1, CREB1, 
PIK3CD, SMAD4, DPYSL4, PADI2, VAX1, PTPRO, EPHA2, ITGA9, SMO, CCR7, CCR5, ID2, CXCL13, EPHA8, SEMA4F, TENM2, CCR2, VEGFA, SEMA4C, SEMA4B, SEMA4D, BMPR1B, BIN2, 
PTGDR2, NFIB 
1.396007097 1 0.283742714 31.38546989 
GO:0046632~alpha-beta T cell differentiation 13 0.929235168 0.018945681 TCF7, TNFSF4, FUT7, ITPKB, RORA, BCL2, IFNG, IRF1, IRF4, ABL1, ABL2, PLA2G2D, NKX2-3 2.114937251 1 0.285090846 31.59178904 
GO:0033002~muscle cell proliferation 21 1.501072194 0.019009598 FGFR2, FGFR1, ERBB4, FGF9, HMGCR, TP53, SIX5, IL6R, ITGB3, SEPN1, TP73, STAT3, MYD88, ID2, MAPK14, IFNG, VEGFA, ABCC4, TNFAIP3, TRAF6, IGFBP3 1.727853245 1 0.285348186 31.68020357 
GO:0055123~digestive system development 21 1.501072194 0.019009598 FGFR2, MEGF8, TCF7, CYP1A1, YIPF6, FGF9, SOX11, VANGL2, DICER1, SMAD2, TP73, SFRP5, SMO, ID2, FAT4, BCL2, TRPS1, SPDEF, STRA6, PRDM1, NKX2-3 1.727853245 1 0.285348186 31.68020357 
GO:0014031~mesenchymal cell development 20 1.429592566 0.019144484 FGFR2, PHOX2B, RET, ERBB4, SOX11, DICER1, SMAD4, SMAD2, TRIM62, GDNF, CORO1C, SMO, SEMA4F, CRB2, BCL2, PPP2CA, SEMA4C, SEMA4B, SEMA4D, NFATC1 1.75662556 1 0.286506396 31.86643105 
GO:0072577~endothelial cell apoptotic process 9 0.643316655 0.019183758 COL4A3, FGB, CD248, BMPR2, TNFAIP3, ABL1, TNIP2, ABL2, ANO6 2.629560915 1 0.286446619 31.92056284 
GO:0006491~N-glycan processing 6 0.42887777 0.019208853 MGAT4A, ST8SIA4, MAN1B1, ST8SIA3, MAN1A1, EDEM1 3.734738691 1 0.286207773 31.95513005 
GO:0060117~auditory receptor cell development 6 0.42887777 0.019208853 FGFR1, MYO7A, LRTOMT, PCDH15, PAFAH1B1, SLITRK6 3.734738691 1 0.286207773 31.95513005 
GO:0034661~ncRNA catabolic process 6 0.42887777 0.019208853 NUDT16, DIS3, PNPT1, DIS3L2, LIN28A, LIN28B 3.734738691 1 0.286207773 31.95513005 
GO:0043588~skin development 26 1.858470336 0.019251039 
FGFR2, FRAS1, DICER1, CERS3, SRF, CBX7, VDR, FOXQ1, BCL2, OVOL1, TMPRSS13, TMEM79, APC, ADAM9, SCD, VANGL2, SMAD4, EPHA2, SMO, DDR1, FLG, SRSF6, TRPS1, SPRR3, 
LRP4, SLC27A4 1.611380763 1 0.286185734 32.01320296 
GO:1903573~negative regulation of response to 
endoplasmic reticulum stress 8 0.571837026 0.019425396 BFAR, SYVN1, TMBIM6, IKBKG, UBE2J1, SVIP, YOD1, UBAC2 2.863299663 1 0.287826658 32.25272021 
GO:0043933~macromolecular complex subunit 
organization 185 13.22373124 0.019660914 
SHTN1, HMGCR, H1FX, REST, CBX7, TAPBP, IGHMBP2, TAF5L, BRPF1, PACSIN1, EIF4EBP1, CDKN2A, SMARCD2, BRPF3, MAT1A, VPS4B, LSM4, TLK2, ASPH, DCTPP1, PAN2, STMN3, 
TADA2B, TAZ, GRIN2A, UBR2, PROX1, DCTN1, CNGA2, TACC2, ARRB1, VEGFA, CLIP2, BIN2, ADD2, ACHE, CRTC1, KCNA1, PNPT1, KCNA7, SRF, PPAT, LIF, KCNS3, HIST1H4A, FGB, 
RNF168, SCARB1, ENTPD1, TRAF6, BMF, PLAGL2, NIN, KANSL2, WDR5, TMEM120B, SMAD4, RYBP, SUV39H1, YTHDC1, PCDH15, SMAD2, ACACB, TET2, KCTD7, SEPT11, HDAC5, 
PAGR1, P2RX4, P2RX7, P2RX6, BBC3, SRSF6, OTUB1, CXCL13, FLG, MSL1, TRPS1, GLS, NAA60, KCTD15, WDR1, ABL1, ABL2, SCARA5, LIMA1, LZTS2, KIF24, ATL2, TACR1, DICER1, 
UVRAG, BAP1, PHF20, KCNJ12, ACVR1C, BAG4, JADE2, TRIM9, EDC3, GOPC, ACOT13, ACTR8, LMOD1, COL11A2, ANO6, PSMD9, PPP2R1B, ARHGEF2, BRCC3, KMT5C, LIMK1, ACADS, 
NIP7, ERMN, TP53, KCTD21, PADI2, MRPS7, NRXN1, MBD1, UBN1, JMY, MMP11, TOR2A, DGAT1, RRM2, TYSND1, KCNH7, CPSF6, TXNRD1, DMC1, AARS2, EIF5A2, WIZ, SNAP29, 
PRF1, ADAMTS14, PPM1A, GPR65, COX7A2L, NCKAP5L, MRPL11, BCL2, PPP2CA, TAP2, MAP3K1, WIPF2, AGO2, PAFAH1B1, PRKAA2, EHD1, BAZ2A, APBA1, APC, SYNPO, GEMIN2, 
BAIAP2L1, JARID2, CREB1, RAF1, SIRT7, ASIC1, SMC2, RUFY3, SIRT2, ATXN7L3, TP73, TTC19, AJUBA, PPP1R9B, ATXN3, PSMD13, BRMS1, ID1, SETD6, KDM4B, SETD7, GAS2L1, PPP2R4, 
SVIP, IRF4, RBM14, LRP4, RNF40 
1.156573008 1 0.290221535 32.57498182 
GO:2000147~positive regulation of cell motility 43 3.073624017 0.019663456 
FGFR1, SHTN1, ERBB4, TACR1, ONECUT2, BMPR2, ITGB3, CBLL1, LRRC15, MMP2, BAG4, GAB2, BCL2, IFNG, CCBE1, ATOH8, FAM83H, ANO6, ADAM9, APC, SASH1, RET, ARHGEF39, 
RREB1, PODXL, PIK3CD, TP53, MCAM, FURIN, PROX1, RUFY3, CCR7, CCR5, CXCL13, ETS1, SEMA4F, MAPK14, CCR2, VEGFA, CEMIP, SEMA4C, SEMA4B, SEMA4D 1.418454902 1 0.289696265 32.57845281 
GO:0010243~response to organonitrogen 
compound 
89 6.361686919 0.019704199 
PPARA, CPEB3, TACR1, CYP11B2, RBM4, DUOX1, RHOQ, MMP2, ACVR1C, GSS, CASP6, EIF4EBP1, MYD88, NOD1, CDKN2A, SCLY, LEPROT, ASPH, MTUS1, EIF2B5, BSG, ARHGEF2, 
STC2, TP53, GRIN2A, UBR2, IL6R, MBD1, SSTR5, ANKRD26, SLC26A6, GRB10, UGT2B17, SSTR3, BTG2, RASGRF1, VEGFA, ABAT, AKAP6, SORT1, TNFAIP3, PLA2G5, FGFR1, FFAR4, 
ENPP1, SLC38A9, ERBB3, DRD4, ITGB3, PPAT, BCL2, PPP2CA, PRKAA2, ENTPD1, HCN4, GCNT1, BDH1, HCN3, ACSL6, HCN1, PDK2, LAMTOR3, ESRRA, DGKQ, BAIAP2L1, CREB1, 
TMBIM6, IL1RN, SEPN1, TP73, SIRT2, STAT3, PSMB9, HDAC5, PPP1R9B, SH3BP4, P2RX4, YWHAG, P2RX7, P2RX6, ID1, MAPK14, IRF1, ABCC4, ABL1, NCOR2, RNF40, ABCC5, KLF3 
1.254102707 1 0.289648857 32.63405133 
GO:0010631~epithelial cell migration 25 1.786990708 0.019723767 FGFR1, TACR1, BMPR2, ITGB3, SRF, STARD13, CALCA, GAB2, CCBE1, IFNG, SCARB1, ATOH8, ANGPT2, ADAM9, SASH1, RREB1, PROX1, EPHA2, HDAC5, CORO1C, CCR5, CXCL13, ETS1, 
MAPK14, VEGFA 
1.626874809 1 0.289338519 32.66073819 
GO:0043161~proteasome-mediated ubiquitin-
dependent protein catabolic process 
33 2.358827734 0.019979288 SYVN1, PPP2R5C, ANAPC15, MAN1B1, EDEM1, TRIB2, UBE2R2, TRIM9, KLHL40, RBCK1, TLK2, YOD1, ANKZF1, RNF121, PSMD7, FBXO45, APC, RNF144A, RNF144B, FOXRED2, UBE2J1, 
SOCS4, UBR2, UBE2I, RNF222, SIRT2, BFAR, ATXN3, ARRB1, UBE2W, SVIP, DNAJB2, SMURF1 
1.504600142 1 0.291951365 33.00830464 
GO:0006814~sodium ion transport 21 1.501072194 0.020106111 HCN1, SLC8A2, SCN2B, SLC12A3, FGF14, DRD4, ATP1B4, SLC6A15, ASIC1, SLC17A7, SLC4A10, SLC23A2, SLC24A2, SLC4A8, SCN4B, HCN4, SLC4A4, HCN3, ANO6, SCN5A, SCN4A 1.717979798 1 0.292960341 33.18017899 
GO:0071804~cellular potassium ion transport 21 1.501072194 0.020106111 HCN1, KCNH1, KCNA1, REST, KCNJ12, KCNA7, KCNJ13, KCNIP3, CNGA2, KCNK10, KCNS3, KCNJ9, AKAP6, KCNH7, KCNH8, HCN4, MTMR6, KCNH3, HCN3, ANO6, KCNH4 1.717979798 1 0.292960341 33.18017899 
GO:0071805~potassium ion transmembrane 
transport 21 1.501072194 0.020106111 HCN1, KCNH1, KCNA1, REST, KCNJ12, KCNA7, KCNJ13, KCNIP3, CNGA2, KCNK10, KCNS3, KCNJ9, AKAP6, KCNH7, KCNH8, HCN4, MTMR6, KCNH3, HCN3, ANO6, KCNH4 1.717979798 1 0.292960341 33.18017899 
GO:0007050~cell cycle arrest 17 1.215153681 0.020191735 PNPT1, PPP2R5C, TP53, TP73, JMY, NOTCH2, CGREF1, CDKN2A, CDKN2B, ID2, IFNG, IRF1, GAS2L1, RBM38, CASP2, APC, TP53INP1 1.857866194 1 0.293457785 33.29598361 
GO:0051246~regulation of protein metabolic 
process 201 14.36740529 0.020379724 
MASP1, PPP2R5C, SPRTN, REST, BAK1, DIRAS1, MYD88, RBM8A, MAP3K9, IFNG, CCBE1, PELI2, TLK2, MAP2K7, EIF2B5, ADAM9, GTPBP2, PPP1R37, TADA2B, VANGL2, UBE2J1, 
GRIN2A, PROX1, BCL2L12, RNF222, THY1, CCR7, ARFGEF3, CCR2, VEGFA, ERBB4, ENPP1, ERBB3, ELL, ERBB2, AKAP13, LIF, SH3BP5L, AHRR, UBASH3B, SASH1, DVL3, LAMTOR3, 
TAOK1, ACER2, IL1RN, SMAD4, UBE2L3, EPHA2, SFRP5, CSRNP3, EPHA8, TRPS1, CD59, SMURF1, NCOR2, PDIA3, FGF9, CPEB3, UVRAG, PHF23, LRRC15, TRIAP1, BAG4, NOD1, ZFYVE1, 
ARHGEF2, FLOT2, TP53, IL6R, ANKRD26, KSR2, SERPINB8, MAP3K10, SEMA4C, SEMA4D, EIF5A2, MAP3K13, PLA2G5, MAP3K11, CLN6, FFAR4, MKNK2, PPP6R3, NECAB3, FEM1A, 
EDEM1, BCL2, PPP2CA, AGO2, UNK, JARID2, ELAVL1, TP73, DUSP3, BRMS1, RPS6KA1, IST1, PPP2R4, SVIP, PERP, LRP4, DUSP7, DUSP6, HMGCR, RBM4, ITPKB, EIF4EBP1, CDKN2A, 
CSNK2A1, CDKN2B, CTDSP2, ASPH, CEP85, RET, MADD, SECISBP2, SOCS4, ARRB1, OPHN1, AKAP6, MVK, TNFAIP3, MAVS, FGFR2, FGFR1, TNFAIP8L3, PPME1, PKHD1, ANAPC15, 
DRD4, BMPR2, MAPKAPK2, ITGB3, LIN28A, UBAC2, TRIM71, OAZ2, AKT1S1, ECE1, FGB, CRB2, TRAF6, MYO1D, MUL1, FURIN, PSMB8, PSMB9, CORO1C, HDAC5, P2RX7, BBC3, OTUB1, 
IKBKG, CYFIP2, DNAJB2, ABL1, ABL2, CDC14B, DICER1, ACVR1C, YOD1, PPP2R1B, NOS1AP, LIMK1, CAMSAP3, UBN1, BTG2, CEMIP, RTN4RL1, TRIB2, CALCA, TNFRSF1B, ERCC6, 
MAP3K3, REL, MAP3K1, KLHL40, PAFAH1B1, YES1, ZC3H12D, EPO, APC, RNF144A, RNF144B, COL4A3, CEBPG, RAF1, SIRT2, AJUBA, PPP1R9B, ATXN3, ID1, IRF1, GDF11, KDM4B, 
SETD7, IRF4, SNX33, IGFBP3, RNF40 
1.146460622 1 0.295205096 33.54956354 
GO:0051223~regulation of protein transport 69 4.932094353 0.020420355 
HMGCR, VTCN1, FAM20B, BAP1, REST, ACVR1C, STXBP5L, BAG4, CDKN2A, IFNG, RBCK1, YOD1, ASPH, LEPROT, CDK16, PSMD9, ADAM9, CRTAM, MADD, ZDHHC8, UBE2J1, NRXN1, 
DCTN1, SSTR5, SMO, CCR7, CCR5, ARRB1, DTWD2, CEMIP, HHAT, ABAT, AKAP6, UBL4B, MYO18A, MAVS, CD244, ERBB4, FFAR4, ABLIM3, ERBB2, DRD4, BRSK2, PPM1A, HK2, NEO1, 
MYT1, UBAC2, EDEM1, OAZ2, FGB, PPP2CA, SH3TC2, TRAF6, PLAGL2, TNFSF4, TMBIM6, SMAD4, LRRC46, UBE2L3, RUFY3, RPL28, SFRP5, P2RX7, GPR39, MAPK14, SVIP, ABL1, ABL2 
1.299787347 1 0.295145324 33.60425012 
GO:0051260~protein homooligomerization 31 2.215868477 0.020607731 
PRF1, ATL2, CRTC1, PNPT1, KCNA1, KCNJ12, KCNA7, PPAT, IGHMBP2, KCNS3, MAT1A, GOPC, ACOT13, EHD1, ENTPD1, BMF, DCTPP1, ACADS, KCTD21, ASIC1, ACACB, KCTD7, CNGA2, 
TOR2A, P2RX4, P2RX6, BBC3, GLS, TYSND1, KCTD15, SCARA5 
1.52512525 1 0.296869957 33.85589619 
GO:0045075~regulation of interleukin-12 
biosynthetic process 
4 0.285918513 0.020711801 REL, IFNG, IRF1, TRAF6 6.362888141 1 0.29757533 33.99527066 
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GO:1904153~negative regulation of retrograde 
protein transport, ER to cytosol 4 0.285918513 0.020711801 UBE2J1, SVIP, YOD1, UBAC2 6.362888141 1 0.29757533 33.99527066 
GO:0072718~response to cisplatin 4 0.285918513 0.020711801 HCN1, HCN4, SLC31A1, HCN3 6.362888141 1 0.29757533 33.99527066 
GO:0070862~negative regulation of protein exit 
from endoplasmic reticulum 
4 0.285918513 0.020711801 UBE2J1, SVIP, YOD1, UBAC2 6.362888141 1 0.29757533 33.99527066 
GO:0060426~lung vasculature development 4 0.285918513 0.020711801 LIF, ID1, VEGFA, STRA6 6.362888141 1 0.29757533 33.99527066 
GO:0035725~sodium ion transmembrane 
transport 15 1.072194425 0.02076461 HCN1, SLC8A2, SCN2B, SLC12A3, DRD4, ASIC1, SLC17A7, SLC24A2, SCN4B, HCN4, SLC4A4, HCN3, ANO6, SCN5A, SCN4A 1.95224977 1 0.297658131 34.06588786 
GO:0010332~response to gamma radiation 11 0.786275911 0.020862319 BAK1, CASP6, ERCC6, BCL2, TP53, ELK1, LIG4, TLK2, IL6R, ENTPD1, TP73 2.282340311 1 0.298281419 34.19635626 
GO:0035308~negative regulation of protein 
dephosphorylation 
12 0.85775554 0.020875221 BAG4, PPP1R9B, PPP1R37, CSRNP3, ARFGEF3, ELL, MYO1D, CAMSAP3, PPP2R4, SEMA4D, UBN1, ZFYVE1 2.174657972 1 0.297882714 34.21356532 
GO:0035239~tube morphogenesis 40 2.859185132 0.021337862 FGFR2, MEGF8, DICER1, LUZP1, TRIM71, SRF, GDNF, STARD13, VDR, BAK1, FAT4, BCL2, STRA6, NFATC4, ATOH8, TRAF6, IPMK, NKX2-3, B4GALT1, DVL3, TCF7, RET, PODXL, SOX11, 
VANGL2, SMAD4, SMAD2, TP73, EPHA2, SFRP5, HDAC5, MIB1, NOTCH2, DDR1, SMO, PPP1CA, ID2, VEGFA, SEMA4C, NFIB 
1.431649832 1 0.302863623 34.82784742 
GO:0034613~cellular protein localization 117 8.363116512 0.021445638 
FAM20B, PACSIN1, CDKN2A, IFNG, RBCK1, ASPH, LEPROT, SAR1B, BSG, TTC7A, UBE2J1, DCTN1, DTWD2, VEGFA, AKAP6, UBL4B, TNFAIP3, TNFAIP2, MAVS, PACS2, SYVN1, ERBB4, 
MRAP, RTP1, ERBB2, COPZ1, PPIL2, KCNA1, CACNB1, ASTN2, UBAC2, OAZ2, LIF, STX18, SCARB2, SH3TC2, SLC28A2, PLAGL2, LAMTOR3, RAB8B, TAF8, SMAD4, TOMM40, UBE2L3, 
EPHA2, SFRP5, BBC3, DCP1A, IKBKG, SMURF1, ABL2, SEL1L, LZTS2, HPS6, FGF9, MYO7A, TIMM17B, RHOQ, PIP5K1C, BAP1, LRRC15, RAB3IP, KCNIP3, BAG4, CNTNAP1, RAB6B, YOD1, 
FAM83H, STX6, FLOT2, ZDHHC8, TP53, PIGR, NRXN1, CHAMP1, SMO, ATG4D, HHAT, CEMIP, SORT1, KPNA6, SNX18, ABLIM3, HK2, PPM1A, ZDHHC18, EDEM1, TAP2, PPP2CA, EHD1, 
VPS36, APBA1, DCLK1, APC, SPRN, SNX27, TSPAN14, LRRC46, SUN1, TMED9, APPL1, RPL28, SIRT2, RUFY3, STAT3, MICALL1, AJUBA, PPP1R9B, SH3BP4, YWHAG, MAPK14, CEP68, 
SVIP, SNX33, PES1, GGA2, LRP4 
1.209408161 1 0.30358695 34.97016443 
GO:0071900~regulation of protein 
serine/threonine kinase activity 
39 2.787705504 0.021475043 
FGFR1, HMGCR, ERBB2, DRD4, UVRAG, FEM1A, TRIB2, DIRAS1, ERCC6, CDKN2A, CDKN2B, MAP3K1, PPP2CA, TRAF6, MAP2K7, APC, SASH1, DVL3, MADD, IL1RN, VANGL2, MUL1, 
PROX1, TP73, SFRP5, AJUBA, P2RX7, DUSP3, ARRB1, VEGFA, IKBKG, CEMIP, MAP3K10, AKAP6, TNFAIP3, ABL1, DUSP7, MAP3K11, DUSP6 
1.43902947 1 0.303377947 35.00894161 
GO:0010675~regulation of cellular carbohydrate 
metabolic process 
20 1.429592566 0.021484033 PPARA, PDK2, CD244, COX11, ENPP1, WDR5, ACER2, PDK3, PTH1R, TP53, RORA, ACACB, STAT3, P2RX7, PPP1CA, GRB10, PGP, MLYCD, PRKAA2, IGFBP3 1.735333129 1 0.302928217 35.02079321 
GO:0044843~cell cycle G1/S phase transition 20 1.429592566 0.021484033 BACH1, CYP1A1, PPP2R5C, TP53, TRIM71, TP73, CDC25A, PPAT, EIF4EBP1, CDKN2A, CDKN2B, ID2, BCL2, HINFP, USP37, CTDSP2, RBM38, CASP2, ZC3H12D, NFATC1 1.735333129 1 0.302928217 35.02079321 
GO:0042476~odontogenesis 17 1.215153681 0.021542846 FGFR2, PPARA, BSG, ERBB4, ERBB3, DICER1, AQP6, SMO, ADAMTS1, ID3, TRAF6, PERP, SCN5A, LRP4, APC, NKX2-3, ADAMTS4 1.84379145 1 0.303068766 35.09827298 
GO:0048255~mRNA stabilization 7 0.500357398 0.02159027 MYD88, DICER1, VEGFA, ELAVL1, RBM38, MAPKAPK2, GDNF 3.131734007 1 0.303074532 35.16068629 
GO:0043489~RNA stabilization 7 0.500357398 0.02159027 MYD88, DICER1, VEGFA, ELAVL1, RBM38, MAPKAPK2, GDNF 3.131734007 1 0.303074532 35.16068629 
GO:0006816~calcium ion transport 37 2.644746247 0.021625546 
FGF14, DRD4, CACNB1, CACNB2, CACNB3, ITGB3, CALCA, VDR, BAK1, TMEM37, ATP2B3, UBASH3B, PPP2CA, SLC24A2, BCL2, ASPH, RASA3, ANO6, NFATC1, EPO, SLC8A2, STC2, 
NOS1AP, GRIN2A, ASIC1, CACNG2, THY1, P2RX4, P2RX7, CCR5, BBC3, GPR39, CEMIP, AKAP6, ABL1, CHRNA10, CACNA1B 
1.455248455 1 0.302937437 35.20707398 
GO:0090132~epithelium migration 25 1.786990708 0.021748545 
FGFR1, TACR1, BMPR2, ITGB3, SRF, STARD13, CALCA, GAB2, CCBE1, IFNG, SCARB1, ATOH8, ANGPT2, ADAM9, SASH1, RREB1, PROX1, EPHA2, HDAC5, CORO1C, CCR5, CXCL13, ETS1, 
MAPK14, VEGFA 
1.612218279 1 0.303829871 35.36857286 
GO:0032012~regulation of ARF protein signal 
transduction 
5 0.357398142 0.021827951 ARFGEF3, CYTH1, CYTH2, IQSEC3, IQSEC2 4.473905724 1 0.304208006 35.47262943 
GO:0070486~leukocyte aggregation 42 3.002144389 0.022121913 
CD244, CD8A, VTCN1, FUT7, ERBB2, ITPKB, RORA, SRF, AZI2, HSH2D, CDKN2A, BCL2, IFNG, TRAF6, LFNG, ZC3H12D, NKX2-3, EPO, APC, CRTAM, TCF7, TNFSF4, SLA2, FLOT2, TP53, 
CDK6, LIG4, THY1, P2RX7, DUSP3, CCR7, SP3, CD59, CCR2, IRF1, IRF4, SEMA4D, TREML2, ABL1, PLA2G2D, ABL2, SLC46A2 
1.414806892 1 0.307081729 35.85646741 
GO:1902582~single-organism intracellular 
transport 
112 8.00571837 0.022204576 
TGOLN2, FAM20B, VPS33A, BAK1, CDKN2A, GAB2, ANKRD50, IFNG, VPS4B, RBCK1, ASPH, LEPROT, AP5Z1, BSG, HNRNPA2B1, UBE2J1, DCTN1, THY1, CCR5, SGSM2, DTWD2, AKAP6, 
UBL4B, MYO18A, MAVS, FGFR1, PACS2, SYVN1, ERBB4, RTP1, ERBB2, COPZ1, PNPT1, CACNB1, ITGB3, UBAC2, UBASH3B, BLOC1S3, STX18, SCARB2, PLAGL2, RAB8B, SMAD4, 
TOMM40, NXF1, UBE2L3, PPIF, SFRP5, P2RX4, P2RX7, PLEKHA8, BBC3, GPR39, SLC25A10, IKBKG, RHOT2, SMURF1, ABL1, SEL1L, ATL2, FGF9, TIMM17B, UVRAG, BAP1, RAB3IP, 
BAG4, PLCB3, TTC30B, RAB6B, YOD1, GOLGA5, STX6, ZDHHC8, TP53, SMO, ATG4D, ARCN1, THOC6, HHAT, CEMIP, NAIF1, SORT1, KPNA6, SNX18, ABLIM3, HK2, PPM1A, KLC2, 
EDEM1, CALCA, RAB43, BCL2, DDX19B, TAP2, PPP2CA, PAFAH1B1, EHD1, RASA3, VPS36, EPO, SPRN, SLC8A2, SNX27, LRRC46, TMED9, RPL28, STAT3, MICALL1, YWHAG, MAPK14, 
SVIP, SNX33 
1.215654141 1 0.307487519 35.96401295 
GO:0030336~negative regulation of cell migration 24 1.715511079 0.02229185 
GPR173, MUC2, NRG3, ABR, ERBB4, ABHD6, IL1RN, PADI2, MMP28, SRF, STAT3, ACVR1C, THY1, STARD13, CORO1C, HDAC5, CCR5, CXCL13, BCL2, ROBO4, IGFBP3, ANGPT2, 
TP53INP1, SRGAP2 
1.62841687 1 0.30794468 36.07737112 
GO:0010212~response to ionizing radiation 21 1.501072194 0.022445244 BRCC3, TP53, BRSK2, ELK1, LIG4, IL6R, TP73, DCLRE1C, BAK1, CASP6, ERCC6, CCR5, BBC3, INTS7, BCL2, AEN, MAPK14, RNF168, TLK2, DMC1, ENTPD1 1.698567597 1 0.309161335 36.27614964 
GO:0060411~cardiac septum morphogenesis 10 0.714796283 0.022529336 FGFR2, NOTCH2, DVL3, SMO, ID2, SOX11, VANGL2, TP53, PROX1, NFATC1 2.386083053 1 0.309575523 36.38487249 
GO:1904292~regulation of ERAD pathway 6 0.42887777 0.022906287 ATXN3, UBE2J1, SVIP, YOD1, EDEM1, UBAC2 3.579124579 1 0.313334045 36.87007301 
GO:0070536~protein K63-linked deubiquitination 6 0.42887777 0.022906287 ATXN3, BRCC3, USP8, YOD1, TNFAIP3, OTUB2 3.579124579 1 0.313334045 36.87007301 
GO:0035304~regulation of protein 
dephosphorylation 
19 1.358112938 0.022930895 PPP2R1B, PPP1R37, PPME1, ELL, MYO1D, PPP2R5C, PPP6R3, CAMSAP3, UBN1, BAG4, PPP1R9B, CSRNP3, ARFGEF3, PPP2CA, IFNG, AKAP6, PPP2R4, SEMA4D, ZFYVE1 1.7549256 1 0.313058821 36.9016248 
GO:0042113~B cell activation 26 1.858470336 0.023262064 
HMGB3, LRRC8A, BAK1, CDKN2A, BCL2, POU2F2, IFNG, RNF168, TNIP2, LFNG, NFATC1, NKX2-3, TNFSF4, VAV3, CEBPG, PIK3CD, TP53, LIG4, NFAM1, DCLRE1C, NOTCH2, ID2, SP3, 
PRDM1, TNFAIP3, ABL1 
1.583953005 1 0.316259234 37.32479334 
GO:0016070~RNA metabolic process 291 20.80057184 0.023354478 
LSM8, ATP1B4, DQX1, REST, RORA, MED20, BRPF1, TAF5L, MYD88, RBM8A, INTS7, IFNG, DHX33, LSM4, NUDT16, PAN2, GTPBP2, PHOX2B, RREB1, TADA2B, UBR2, LIG4, RNF222, 
PROX1, BCL2L12, SPAG8, MTF1, MED15, VEGFA, HES2, ST18, PRDM1, ATXN1L, ERBB4, ELL, ERBB2, CRTC1, TAF9B, MYT1, DIDO1, LIF, PLAGL1, QRSL1, AHRR, LHX6, NKX2-3, PLAGL2, 
DVL3, IKZF4, TCF7, TSEN54, ESRRA, KLF13, KLF16, RYBP, ESRRG, SMAD4, YTHDC1, CELSR2, SMAD2, UBE2L3, SFRP5, NOTCH2, CSRNP3, ETS1, SRSF6, DCP1A, MLX, CSRNP1, TRPS1, 
SMURF1, METTL15, NCOR2, BACH1, PPARA, ZBTB33, CPEB3, FGF9, CRCP, RFXANK, KCNIP3, ZBTB38, FOXS1, BAG4, TRIAP1, NOD1, HIF1AN, TRMT5, SERTAD3, ARHGEF2, BATF2, 
TP53, TLE3, POLR1A, NFAM1, IL6R, MBD1, MXD4, JMY, SS18, BRWD1, MAP3K10, THOC6, KCNH8, RBM38, SEMA4D, MAP3K13, AARS2, MEGF8, LCORL, USP2, NEO1, SEC14L2, 
PPP2CA, DDX19B, AGO2, PRKAA2, FOXD2, ETV6, ZSCAN29, BAZ2A, DGKQ, JARID2, RBM20, TBX4, ANKRD42, TP73, STAT3, MEF2D, SNAI3, PAPOLA, BRMS1, MAPK12, RPS6KA1, 
MAPK14, TENM2, RBAK, TCEB2, PES1, RBM14, LRP4, TP53INP1, APOBEC4, RBM4, HOXD1, GDNF, CBX7, CBFB, IGHMBP2, NLRC5, CSNK2A1, CDKN2A, SMARCD2, RBCK1, ATOH8, 
ASPH, SCRT1, SCRT2, RBFOX2, RET, HNRNPA2B1, SECISBP2, SIX5, VAX1, GRHL1, FOXN3, HOXD9, ARRB1, SPDEF, TNFAIP3, MAVS, FGFR2, FGFR1, ELAC2, PKHD1, ONECUT2, PNPT1, 
BMPR2, ELK1, LIN28A, TRIM71, LIN28B, SRF, NR2C1, VDR, FOXQ1, CRB2, OVOL1, TEF, RNF168, MBNL3, TRAF6, DDX42, RHEBL1, RFX5, TAF8, WDR5, ARID3A, SUV39H1, SMG1, 
ARID3B, TET2, TRIM62, HOXB3, HDAC5, EAF1, EBF4, IKBKG, TDG, HIVEP2, CARS2, ABL1, DDX54, DNAJB5, E2F2, E2F3, PTGES2, FOXK2, DICER1, RHOQ, ZKSCAN5, WARS, MAZ, LBH, 
CTU1, PCGF6, EDC3, HOMEZ, MAGOHB, TNIP2, DUS1L, PSMD9, RAX, KMT5C, SLA2, SOX11, PADI2, UBE2I, LPIN2, SMO, BTG2, DIS3L2, KPNA6, CPSF6, LCOR, SBNO1, ABLIM3, PPM1A, 
CALCA, ADAT1, ERCC6, REL, MAP3K1, POU2F2, HINFP, POU2F1, NFATC4, YES1, VPS36, ZC3H12D, NFATC1, EPO, MAF, ZBTB7A, GEMIN2, TNFSF4, CREB1, CEBPG, TMBIM6, RAF1, 
SIRT7, SIRT2, ATXN7L3, DIS3, ATXN1, AJUBA, ATXN3, SP1, ID2, ID1, SP3, SETD6, IRF1, KLHL31, SETD7, SP7, IRF4, ID3, BMPR1B, RNF40, NFIB 
1.109480961 1 0.316745183 37.44239853 
GO:0010498~proteasomal protein catabolic 
process 35 2.501786991 0.023401504 
SYVN1, PPP2R5C, ANAPC15, MAN1B1, EDEM1, TRIB2, UBE2R2, TRIM9, KLHL40, RBCK1, TLK2, YOD1, ANKZF1, RNF121, PSMD7, FBXO45, APC, RNF144A, RNF144B, FOXRED2, UBE2J1, 
SOCS4, UBR2, UBE2I, RNF222, SIRT2, BFAR, ATXN3, ARRB1, OPHN1, UBE2W, SVIP, DNAJB2, SMURF1, RNF40 1.465138717 1 0.316718249 37.50216301 
GO:0070727~cellular macromolecule localization 117 8.363116512 0.023771726 
FAM20B, PACSIN1, CDKN2A, IFNG, RBCK1, ASPH, LEPROT, SAR1B, BSG, TTC7A, UBE2J1, DCTN1, DTWD2, VEGFA, AKAP6, UBL4B, TNFAIP3, TNFAIP2, MAVS, PACS2, SYVN1, ERBB4, 
MRAP, RTP1, ERBB2, COPZ1, PPIL2, KCNA1, CACNB1, ASTN2, UBAC2, OAZ2, LIF, STX18, SCARB2, SH3TC2, SLC28A2, PLAGL2, LAMTOR3, RAB8B, TAF8, SMAD4, TOMM40, UBE2L3, 
EPHA2, SFRP5, BBC3, DCP1A, IKBKG, SMURF1, ABL2, SEL1L, LZTS2, HPS6, FGF9, MYO7A, TIMM17B, RHOQ, PIP5K1C, BAP1, LRRC15, RAB3IP, KCNIP3, BAG4, CNTNAP1, RAB6B, YOD1, 
1.202462529 1 0.320311848 37.97078017 
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FAM83H, STX6, FLOT2, ZDHHC8, TP53, PIGR, NRXN1, CHAMP1, SMO, ATG4D, HHAT, CEMIP, SORT1, KPNA6, SNX18, ABLIM3, HK2, PPM1A, ZDHHC18, EDEM1, TAP2, PPP2CA, EHD1, 
VPS36, APBA1, DCLK1, APC, SPRN, SNX27, TSPAN14, LRRC46, SUN1, TMED9, APPL1, RPL28, SIRT2, RUFY3, STAT3, MICALL1, AJUBA, PPP1R9B, SH3BP4, YWHAG, MAPK14, CEP68, 
SVIP, SNX33, PES1, GGA2, LRP4 
GO:0002011~morphogenesis of an epithelial 
sheet 
9 0.643316655 0.023976931 AJUBA, MEGF8, NOTCH2, DDR1, RREB1, SOX11, MAP3K1, VANGL2, SRF 2.526440879 1 0.322039577 38.22908364 
GO:0051347~positive regulation of transferase 
activity 48 3.431022159 0.024431453 
TNFAIP8L3, FGFR1, ERBB4, ERBB3, CDC14B, ERBB2, DRD4, ITGB3, CALCA, DIRAS1, ERCC6, MAP3K3, PPP2CA, MAP3K1, MAP3K9, TRAF6, MAP2K7, ADAM9, EPO, DVL3, SASH1, 
PARM1, LAMTOR3, VAV3, MADD, TAOK1, IL1RN, VANGL2, RAF1, MUL1, UBE2I, IL6R, AMBRA1, UBE2L3, PROX1, TP73, AJUBA, P2RX7, EPHA8, ARRB1, VEGFA, IKBKG, CEMIP, 
MAP3K10, AKAP6, ABL1, MAP3K13, MAP3K11 
1.366186718 1 0.326511933 38.79758416 
GO:0070848~response to growth factor 60 4.288777698 0.024641587 
IER2, FGF5, PDIA3, FGF14, FGF9, ACVR1C, BAG4, CDKN2B, CCBE1, GPC1, ANGPT2, ADAM9, PHOX2B, SOX11, GRIN2A, TP53, GRB10, VEGFA, SORT1, FGFR2, FGFR1, MEGF8, ERBB2, 
ONECUT2, PPM1A, BMPR2, ELK1, MAPKAPK2, ITGB3, NEO1, TRIM71, CDH5, CALCA, TNFRSF1B, AKT1S1, FAT4, CRB2, MAP3K1, EHD1, YES1, APC, MUC2, CREB1, SMAD4, RAF1, 
SMAD2, FURIN, SIRT2, EPHA2, MICALL1, NOTCH2, PPP1R9B, CXCL13, ID1, MAPK14, SMURF1, BMPR1B, ABL1, LRP4, DUSP6 
1.315451606 1 0.328259273 39.05873 
GO:0035305~negative regulation of 
dephosphorylation 
12 0.85775554 0.024704742 BAG4, PPP1R9B, PPP1R37, CSRNP3, ARFGEF3, ELL, MYO1D, CAMSAP3, PPP2R4, SEMA4D, UBN1, ZFYVE1 2.120962714 1 0.328386381 39.13700939 
GO:0045859~regulation of protein kinase activity 61 4.360257327 0.024801461 
HMGCR, UVRAG, LRRC15, DIRAS1, CDKN2A, CDKN2B, MAP3K9, MAP2K7, ADAM9, CEP85, MADD, VANGL2, SOCS4, IL6R, PROX1, THY1, ARRB1, VEGFA, CEMIP, MAP3K10, AKAP6, 
TNFAIP3, MAP3K13, MAP3K11, FGFR1, RTN4RL1, ERBB3, ERBB2, DRD4, AKAP13, ITGB3, FEM1A, TRIB2, CALCA, SH3BP5L, AKT1S1, ERCC6, MAP3K3, UBASH3B, PPP2CA, MAP3K1, 
TRAF6, EPO, APC, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, MUL1, RAF1, TP73, CORO1C, SFRP5, AJUBA, DUSP3, P2RX7, IKBKG, ABL1, DUSP7, DUSP6 
1.311270867 1 0.328879863 39.25670562 
GO:0032735~positive regulation of interleukin-12 
production 
7 0.500357398 0.02487746 CCR7, TNFSF4, REL, MAPK14, IFNG, IRF1, TRAF6 3.036832976 1 0.329145165 39.35060289 
GO:0032743~positive regulation of interleukin-2 
production 
7 0.500357398 0.02487746 TNFSF4, VTCN1, CCR2, IRF4, ABL1, TRAF6, ABL2 3.036832976 1 0.329145165 39.35060289 
GO:0033028~myeloid cell apoptotic process 7 0.500357398 0.02487746 ST6GAL1, CDKN2A, CCR5, BCL2, IFNG, ITPKB, EPO 3.036832976 1 0.329145165 39.35060289 
GO:1902667~regulation of axon guidance 8 0.571837026 0.024926609 MEGF8, PLXNA1, SEMA4F, VEGFA, SEMA4C, BMPR2, SEMA4B, SEMA4D 2.72695206 1 0.329117243 39.41125315 
GO:1902284~neuron projection extension 
involved in neuron projection guidance 
8 0.571837026 0.024926609 MEGF8, SMO, SEMA4F, VEGFA, SEMA4C, BMPR2, SEMA4B, SEMA4D 2.72695206 1 0.329117243 39.41125315 
GO:0002931~response to ischemia 8 0.571837026 0.024926609 PPIF, FGFR1, EIF4EBP1, PDIA3, MLYCD, BCL2, TP53, HK2 2.72695206 1 0.329117243 39.41125315 
GO:0045773~positive regulation of axon 
extension 
8 0.571837026 0.024926609 MEGF8, SHTN1, LIMK1, VEGFA, BMPR2, PAFAH1B1, SRF, RUFY3 2.72695206 1 0.329117243 39.41125315 
GO:1903513~endoplasmic reticulum to cytosol 
transport 
8 0.571837026 0.024926609 SYVN1, CCR5, UBE2J1, SVIP, YOD1, EDEM1, UBAC2, SEL1L 2.72695206 1 0.329117243 39.41125315 
GO:0048846~axon extension involved in axon 
guidance 
8 0.571837026 0.024926609 MEGF8, SMO, SEMA4F, VEGFA, SEMA4C, BMPR2, SEMA4B, SEMA4D 2.72695206 1 0.329117243 39.41125315 
GO:0019216~regulation of lipid metabolic 
process 
31 2.215868477 0.025271199 
PPARA, TNFAIP8L3, ERBB4, ABHD6, PSAPL1, RORA, REST, SEC14L2, VDR, IFNG, PIK3R5, SCARB1, PRKAA2, NT5E, ACSL6, PDK2, VAV3, PDK3, CREB1, AMBRA1, ACACB, PROX1, 
ANKRD26, CHRM5, DGAT1, ID2, MLYCD, EPHA8, GPR39, TYSND1, MVK 
1.499362999 1 0.332290211 39.83486577 
GO:0051240~positive regulation of multicellular 
organismal process 128 9.149392423 0.025389553 
SHTN1, VTCN1, HMGCR, SYT2, ITPKB, RORA, ITSN2, GDNF, PACSIN1, MYD88, CDKN2A, GAB2, BHLHB9, IFNG, CCBE1, ATOH8, ADAM9, PHOX2B, RET, CRTAM, RREB1, LIG4, PROX1, 
MARK2, NUMBL, RND2, CCR7, CBLN2, CCR5, CCR2, VEGFA, ABAT, AKAP6, ADAMTS1, NEU1, PRDM1, ATXN1L, SLITRK6, TNFAIP3, ASB4, FGFR2, MAVS, FGFR1, ACHE, ERBB4, ERBB3, 
CRTC1, DRD4, BMPR2, MAPKAPK2, ITGB3, LIN28A, SRF, LIF, VDR, RASAL1, FBXW8, ECE1, AGGF1, CRB2, FGB, TRAF6, TMEM79, B4GALT1, SASH1, RAB8B, NIN, SMAD4, MUL1, SMAD2, 
ACACB, NOTCH2, P2RX7, DIO3, SRSF6, ETS1, GPR39, RGS6, SMURF1, ABL1, ABL2, FGF9, CPEB3, TACR1, DICER1, FOXS1, CASP6, NOD1, APLN, GPC1, ANGPT2, ANO6, ARHGEF2, 
LIMK1, SOX11, IL6R, NRXN1, FAM134C, SMO, AMIGO2, SEMA4D, MEGF8, CD244, USP2, SEC14L1, CALCA, REL, BCL2, NFATC4, PAFAH1B1, SCN5A, ACSL6, EPO, TNFSF4, CEBPG, 
CREB1, SIRT2, TP73, RUFY3, ANKRD42, ATXN1, ID2, MAPK14, IST1, IRF1, ALOX5, IRF4, BMPR1B 
1.190715909 1 0.33300239 39.97971204 
GO:0007254~JNK cascade 20 1.429592566 0.025396944 SASH1, DVL3, TAOK1, FGF14, IL1RN, VANGL2, MUL1, TP73, SFRP5, DUSP3, MYD88, ERCC6, NOD1, MAP3K1, MAP3K10, PAFAH1B1, TRAF6, MAP2K7, MAP3K13, MAP3K11 1.704345038 1 0.332517785 39.98874604 
GO:0060537~muscle tissue development 40 2.859185132 0.025418388 
FGFR2, FGFR1, ERBB4, USP2, ERBB3, HMGCR, FGF9, ERBB2, DICER1, MED20, SRF, GJC1, PLAGL1, SPEG, BCL2, KLHL40, STRA6, GPC1, PHOX2B, ALPK3, CREB1, SOX11, TAZ, VAX1, 
SEPN1, PROX1, TP73, SIRT2, HOXD9, HDAC5, MEF2D, SMO, BTG2, ID2, MAPK14, VEGFA, ITGA7, KLHL31, AKAP6, BIN3 
1.413975142 1 0.33218587 40.01495038 
GO:0009628~response to abiotic stimulus 106 7.5768406 0.025559943 
RP1, HMGCR, RBM4, SPRTN, REST, RORA, MMP2, BAK1, EIF4EBP1, MYD88, INTS7, TLK2, MAP2K7, EIF2B5, CYP1A1, STC2, GRIN2A, LIG4, DCLRE1C, PPP1CA, CCR5, ARRB1, CCR2, 
VEGFA, HSPB2, ABAT, SLITRK6, CRTC1, KCNA1, DRD4, ELK1, KMO, ITGB3, SRF, ECE1, RNF168, ENTPD1, DNAJA4, SUV39H1, SMAD4, PCDH15, PSMB9, P2RX7, SLC4A10, ETS1, BBC3, 
DIO3, SCARA5, ABL2, BACH1, PPARA, LRRC8A, PDIA3, TACR1, CYP11B2, TTPA, CASP6, TRIAP1, HIF1AN, AEN, CASP7, ANO3, STRA6, CASP2, ANGPT2, RS1, BRCC3, TP53, IL6R, NRXN1, 
BTG2, TXNRD1, DMC1, SORD, USP2, GPR65, BRSK2, CALCA, ERCC6, BCL2, MAP3K1, NFATC4, UCK2, RASA3, ACSL6, EPO, CREB1, TMBIM6, PDK3, RAF1, SUN1, ASIC1, TP73, SIRT2, 
CDC25A, AGTRAP, AJUBA, ATXN1, PPP1R9B, ATXN3, ID2, MAPK14, IRF1, ALOX5, CHRNA10, TP53INP1 
1.214039057 1 0.333142625 40.18765852 
GO:0007420~brain development 72 5.146533238 0.025601898 
NRG3, CCDC85C, FGF9, EFNA2, DICER1, BCAN, RORA, GDNF, ACVR1C, MBP, BAK1, ATP2B3, CDKN2A, UNC5C, CASP2, NT5E, PHOX2B, RBFOX2, RAX, SECISBP2, TP53, GRIN2A, PADI2, 
NRXN1, VAX1, PROX1, TACC2, NUMBL, SMO, SSTR3, BTG2, CCR5, ARCN1, SEMA4C, ABAT, SRGAP2, FGFR2, FGFR1, ERBB4, KCNA1, BMPR2, PPT1, SRF, FAT4, BCL2, ALDH1A3, 
PAFAH1B1, LHX6, BDH1, SCN5A, FBXO45, DCLK1, ABR, SLC8A2, NIN, CREB1, CELSR2, SLC6A17, TP73, SIRT2, SLC17A7, HOXB3, PPP1R9B, SLC4A10, ID2, ETS1, BBC3, ID1, ABL1, ABL2, 
NCOR2, NFIB 
1.275727573 1 0.333030419 40.23875593 
GO:0032844~regulation of homeostatic process 45 3.216583274 0.025709208 HMGCR, TACR1, BRSK2, ANPEP, ITPKB, ITGB3, RORA, MYT1, HSH2D, CALCA, BAK1, UBASH3B, BCL2, ASPH, PRKAA2, HCN4, RASA3, CDK16, SCN5A, MAP2K7, APLN, EPO, HCN1, 
RBFOX2, SCN2B, KLF13, SMG5, CDK6, NRXN1, THY1, P2RX4, P2RX7, CCR5, ID2, ETS1, ARRB1, BBC3, GPR39, MAPK14, VEGFA, CEMIP, GAS2L1, AKAP6, ABAT, ABL1 
1.379534099 1 0.333615637 40.36926247 
GO:0044723~single-organism carbohydrate 
metabolic process 
55 3.931379557 0.025827956 
PPARA, COX11, IMPAD1, ALG1, B3GALT4, MAN1B1, ST6GALNAC6, PGP, SLC23A2, B3GALNT2, UBE2J1, TP53, MAN1A1, TAT, PPP1CA, GRB10, UGT2B17, H6PD, NEU1, CD244, SYVN1, 
SORD, ENPP1, GALNT7, FUT7, PTH1R, PHKA1, HK2, ST8SIA3, EDEM1, GORASP1, CCDC126, FUT4, FUT1, PRKAA2, B4GALT6, GALNT14, B4GALNT1, B4GALT1, PDK2, MGAT4A, 
ST6GAL1, B4GAT1, ACER2, WDR5, EPM2A, TET2, STAT3, SLC35C1, P2RX7, MAPK14, ST8SIA4, DPM2, POFUT2, ALG12 
1.33008008 1 0.334319605 40.51336321 
GO:0015672~monovalent inorganic cation 
transport 
51 3.645461044 0.025971837 
KCNH1, FGF14, ATP1B4, REST, KCNJ12, KCNJ13, KCNIP3, KCNK10, SLC35A4, SLC23A2, SLC24A2, VPS4B, SLC4A4, ANO6, SCN2B, CNGA2, CHRM5, AKAP6, KCNH7, ABAT, KCNH8, 
KCNH3, KCNH4, DRD4, KCNA1, SLC35A5, ATP5G2, COX7A2L, KCNA7, SEC14L1, KCNS3, SLC4A8, ENTPD1, MTMR6, HCN4, HCN3, SCN5A, HCN1, SLC8A2, SLC12A3, SLC6A15, ASIC1, 
PPIF, SLC17A7, SLC4A10, KCNJ9, SLC18A3, SCN4B, ATP6AP1L, SLC46A1, SCN4A 
1.34712438 1 0.335286326 40.68752023 
GO:0042110~T cell activation 41 2.930664761 0.026047319 
CD244, CD8A, VTCN1, FUT7, ERBB2, ITPKB, RORA, SRF, AZI2, HSH2D, CDKN2A, BCL2, IFNG, TRAF6, LFNG, ZC3H12D, NKX2-3, EPO, APC, CRTAM, TCF7, TNFSF4, SLA2, FLOT2, TP53, 
CDK6, LIG4, THY1, P2RX7, DUSP3, CCR7, SP3, CD59, CCR2, IRF1, IRF4, TREML2, ABL1, PLA2G2D, ABL2, SLC46A2 
1.404249835 1 0.335525534 40.7786916 
GO:0070489~T cell aggregation 41 2.930664761 0.026047319 
CD244, CD8A, VTCN1, FUT7, ERBB2, ITPKB, RORA, SRF, AZI2, HSH2D, CDKN2A, BCL2, IFNG, TRAF6, LFNG, ZC3H12D, NKX2-3, EPO, APC, CRTAM, TCF7, TNFSF4, SLA2, FLOT2, TP53, 
CDK6, LIG4, THY1, P2RX7, DUSP3, CCR7, SP3, CD59, CCR2, IRF1, IRF4, TREML2, ABL1, PLA2G2D, ABL2, SLC46A2 
1.404249835 1 0.335525534 40.7786916 
GO:0071822~protein complex subunit 
organization 
130 9.29235168 0.02608581 
SHTN1, HMGCR, H1FX, TAPBP, IGHMBP2, EIF4EBP1, PACSIN1, SMARCD2, MAT1A, VPS4B, ASPH, DCTPP1, STMN3, TAZ, GRIN2A, PROX1, DCTN1, TACC2, CNGA2, ARRB1, VEGFA, 
CLIP2, BIN2, ADD2, ACHE, CRTC1, PNPT1, KCNA1, KCNA7, SRF, PPAT, KCNS3, HIST1H4A, FGB, TRAF6, ENTPD1, BMF, NIN, TMEM120B, SMAD4, SMAD2, PCDH15, ACACB, KCTD7, 
SEPT11, P2RX4, P2RX7, P2RX6, CXCL13, FLG, BBC3, GLS, NAA60, KCTD15, WDR1, ABL1, SCARA5, ABL2, LIMA1, LZTS2, KIF24, ATL2, TACR1, DICER1, UVRAG, KCNJ12, ACVR1C, BAG4, 
TRIM9, GOPC, ACOT13, LMOD1, COL11A2, ANO6, PSMD9, PPP2R1B, ARHGEF2, ACADS, LIMK1, ERMN, TP53, KCTD21, NRXN1, UBN1, JMY, MMP11, TOR2A, RRM2, TYSND1, KCNH7, 
CPSF6, TXNRD1, AARS2, EIF5A2, WIZ, SNAP29, PRF1, ADAMTS14, GPR65, PPM1A, COX7A2L, NCKAP5L, BCL2, MAP3K1, TAP2, PPP2CA, WIPF2, PAFAH1B1, PRKAA2, EHD1, APBA1, 
APC, SYNPO, BAIAP2L1, CREB1, RAF1, ASIC1, SMC2, SIRT2, TP73, RUFY3, TTC19, AJUBA, PPP1R9B, PSMD13, ID1, GAS2L1, SVIP, PPP2R4, LRP4 
1.185442536 1 0.335373673 40.82513113 
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GO:0006935~chemotaxis 46 3.288062902 0.026243029 
MEGF8, FGFR1, NRG3, PLXNA1, IL16, EFNA2, ERBB2, BMPR2, PIP5K1C, ITGB3, MMP28, CALCA, IFNG, CKLF, UNC5C, ANO6, ANGPT2, MTUS1, ST6GAL1, VAV3, B4GAT1, CREB1, 
PIK3CD, SMAD4, DPYSL4, PADI2, VAX1, PTPRO, EPHA2, ITGA9, SMO, CCR7, CCR5, CXCL13, EPHA8, SEMA4F, TENM2, CCR2, VEGFA, SEMA4C, SEMA4B, SEMA4D, BMPR1B, BIN2, 
PTGDR2, NFIB 
1.371997755 1 0.336471376 41.01446075 
GO:0030258~lipid modification 21 1.501072194 0.026338541 PPARA, IMPAD1, ACADS, SCD, PIK3C2B, PIK3CD, PIP5K1C, SMG1, ACACB, PI4K2B, MTMR3, SLC35C1, PIP5KL1, DGAT1, MLYCD, MAPK14, TYSND1, IP6K1, MTMR6, B4GALNT1, PIP4K2B 1.670258137 1 0.336916501 41.12920029 
GO:0009416~response to light stimulus 31 2.215868477 0.02634112 
RP1, HMGCR, USP2, CRTC1, RBM4, DRD4, BRSK2, ELK1, SPRTN, BAK1, TRIAP1, ERCC6, BCL2, CASP7, NFATC4, RNF168, MAP2K7, RS1, CREB1, GRIN2A, TP53, TP73, CDC25A, ATXN1, 
PPP1R9B, SLC4A10, PPP1CA, ID2, ARRB1, ABL2, TP53INP1 1.494314639 1 0.336387288 41.13229542 
GO:2000134~negative regulation of G1/S 
transition of mitotic cell cycle 9 0.643316655 0.02666339 CDKN2B, BCL2, PPP2R5C, TP53, RBM38, CTDSP2, CASP2, ZC3H12D, TP73 2.477855478 1 0.339194863 41.51785592 
GO:0050922~negative regulation of chemotaxis 9 0.643316655 0.02666339 ST6GAL1, SEMA4F, CXCL13, SEMA4C, SEMA4B, PADI2, MMP28, SEMA4D, ANGPT2 2.477855478 1 0.339194863 41.51785592 
GO:0032386~regulation of intracellular transport 53 3.7884203 0.026745093 
FAM20B, RBM4, BAP1, BAK1, BAG4, CDKN2A, GAB2, RBCK1, ASPH, LEPROT, YOD1, ZDHHC8, UBE2J1, DCTN1, THY1, SMO, DTWD2, CEMIP, HHAT, AKAP6, UBL4B, MAVS, ERBB4, 
ERBB2, ABLIM3, PPM1A, ITGB3, UBAC2, EDEM1, OAZ2, CALCA, STX18, UBASH3B, PPP2CA, BCL2, EHD1, SH3TC2, EPO, PLAGL2, SMAD4, LRRC46, MUL1, UBE2L3, RUFY3, RPL28, 
SFRP5, P2RX4, P2RX7, BBC3, GPR39, MAPK14, SVIP, ABL1 
1.335870442 1 0.339486999 41.61522328 
GO:0097285~cell-type specific apoptotic process 49 3.502501787 0.026842258 
FGFR2, E2F2, ERBB4, MCL1, ERBB3, HMGCR, CD248, BMPR2, PPT1, ITPKB, GDNF, HSH2D, BAK1, CASP6, CDKN2A, BHLHB9, FGB, BCL2, CASP7, IFNG, TNIP2, ETV6, CASP2, ANO6, 
MAP2K7, PSMD9, EPO, COL4A3, ST6GAL1, NTF4, LIFR, TP53, SIRT5, LIG4, AMBRA1, TP73, P2RX7, CCR5, BTG2, ARRB1, BBC3, VEGFA, SORT1, TNFAIP3, ABL1, IGFBP3, ABL2, MAP3K11, 
SLC46A2 
1.354263354 1 0.339938029 41.73081656 
GO:0071593~lymphocyte aggregation 41 2.930664761 0.02691768 
CD244, CD8A, VTCN1, FUT7, ERBB2, ITPKB, RORA, SRF, AZI2, HSH2D, CDKN2A, BCL2, IFNG, TRAF6, LFNG, ZC3H12D, NKX2-3, EPO, APC, CRTAM, TCF7, TNFSF4, SLA2, FLOT2, TP53, 
CDK6, LIG4, THY1, P2RX7, DUSP3, CCR7, SP3, CD59, CCR2, IRF1, IRF4, TREML2, ABL1, PLA2G2D, ABL2, SLC46A2 
1.400898403 1 0.340162416 41.8203933 
GO:0072576~liver morphogenesis 5 0.357398142 0.027004753 NOTCH2, RPS6KA1, TNFAIP3, TET2, PROX1 4.210734799 1 0.340505965 41.9236441 
GO:0072395~signal transduction involved in cell 
cycle checkpoint 5 0.357398142 0.027004753 SOX11, PPP2R5C, TP53, RBM38, CASP2 4.210734799 1 0.340505965 41.9236441 
GO:2000772~regulation of cellular senescence 6 0.42887777 0.027034421 CDKN2A, PNPT1, TP53, CDK6, ABL1, BCL2L12 3.435959596 1 0.340257591 41.95878549 
GO:2000178~negative regulation of neural 
precursor cell proliferation 
6 0.42887777 0.027034421 ID2, BTG2, CCR5, TP53, VAX1, SIRT2 3.435959596 1 0.340257591 41.95878549 
GO:0009649~entrainment of circadian clock 6 0.42887777 0.027034421 PPP1CA, ID2, USP2, CRTC1, RBM4, TP53 3.435959596 1 0.340257591 41.95878549 
GO:0009896~positive regulation of catabolic 
process 43 3.073624017 0.027255947 
CPEB3, PNPT1, HK2, UVRAG, CALCOCO2, EDEM1, TRIB2, OAZ2, TRIM65, TNFRSF1B, NOD1, CSNK2A1, GMIP, IFNG, LSM4, AGO2, PRKAA2, ADAM9, APC, RNF144A, RNF144B, PHYHIP, 
HAPLN1, EPM2A, SOCS4, AMBRA1, SIRT2, FAM131B, SLC35C1, SH3BP4, P2RX7, ATXN3, BTG2, IST1, SVIP, DNAJB2, SMURF1, SNX33, TNFAIP3, IGFBP3, RNF40, TP53INP1, PIP4K2B 1.38650772 1 0.341978432 42.22053712 
GO:0035967~cellular response to topologically 
incorrect protein 11 0.786275911 0.027299436 BAK1, BFAR, ATXN3, SYVN1, STC2, IFNG, UBE2W, YOD1, RNF121, ANKZF1, EDEM1 2.187242798 1 0.341870073 42.27179055 
GO:0009311~oligosaccharide metabolic process 10 0.714796283 0.02733428 B4GALT1, ST6GALNAC6, MGAT4A, ST6GAL1, ST8SIA4, MAN1B1, NEU1, ST8SIA3, MAN1A1, EDEM1 2.309112632 1 0.341673909 42.31282582 
GO:0030433~ER-associated ubiquitin-dependent 
protein catabolic process 
10 0.714796283 0.02733428 SYVN1, FOXRED2, UBE2J1, MAN1B1, SVIP, DNAJB2, YOD1, RNF121, ANKZF1, EDEM1 2.309112632 1 0.341673909 42.31282582 
GO:0010771~negative regulation of cell 
morphogenesis involved in differentiation 
15 1.072194425 0.027375525 TRIM62, RUFY3, MBP, THY1, CORO1C, CCR5, SEMA4F, ID1, GORASP1, PPP2CA, SEMA4C, SEMA4B, NFATC4, SEMA4D, LRP4 1.883749778 1 0.341543717 42.3613627 
GO:0022602~ovulation cycle process 15 1.072194425 0.027375525 ERMP1, SGPL1, SMAD4, ADRBK1, MMP2, ACVR1C, ARRB1, BCL2, VEGFA, ADAMTS1, DMC1, BMPR1B, LFNG, CASP2, EIF2B5 1.883749778 1 0.341543717 42.3613627 
GO:0090066~regulation of anatomical structure 
size 
47 3.35954253 0.027686822 
MEGF8, LIMA1, PLXNA1, LRRC8A, SHTN1, HMGCR, TACR1, BMPR2, MMP2, SRF, CALCA, BAG4, AKT1S1, FGB, MAP3K1, TMEM123, WIPF2, PAFAH1B1, LMOD1, RAP1GAP2, ANO6, 
APLN, RET, VAV3, LIMK1, BAIAP2L1, CREB1, TP73, RUFY3, JMY, RND2, P2RX4, P2RX7, CCR5, SEMA4F, IST1, VEGFA, RAB22A, SEMA4C, SEMA4B, GRIP2, WDR1, SMURF1, ALOX5, 
SEMA4D, ABL1, ADD2 
1.362095994 1 0.344156054 42.72644457 
GO:0023061~signal release 41 2.930664761 0.027867998 
SNAP29, FGFR1, FFAR4, HMGCR, TACR1, SYT2, RBM4, BRSK2, PPT1, REST, MYT1, STXBP5L, ACVR1C, LIF, TRIM9, FGB, IFNG, RASL10B, SYN2, CDK16, APLN, APBA1, PSMD9, RAB8B, 
NOS1AP, MADD, CREB1, SOX11, IL1RN, SMAD4, RAF1, SMAD2, ASIC1, NRXN1, SSTR5, P2RX7, DGAT1, ARRB1, GPR39, ABAT, CACNA1B 
1.397562931 1 0.345436239 42.93791246 
GO:0090398~cellular senescence 8 0.571837026 0.02804098 CDKN2A, ID2, MAPK14, TP53, CDK6, ABL1, BCL2L12, SRF 2.663534571 1 0.346626764 43.13912379 
GO:0070933~histone H4 deacetylation 4 0.285918513 0.028077841 SIRT7, REST, BAZ2A, SIRT2 5.726599327 1 0.346445058 43.18191291 
GO:0007616~long-term memory 7 0.500357398 0.028482109 SLC17A7, ADCY1, NTF4, CPEB3, TACR1, SRF, BTBD9 2.947514359 1 0.349937918 43.64919723 
GO:0046579~positive regulation of Ras protein 
signal transduction 7 0.500357398 0.028482109 NOTCH2, RASGRF1, ARRB1, ERBB2, RASGEF1A, ITPKB, EPO 2.947514359 1 0.349937918 43.64919723 
GO:0090130~tissue migration 25 1.786990708 0.02880055 
FGFR1, TACR1, BMPR2, ITGB3, SRF, STARD13, CALCA, GAB2, CCBE1, IFNG, SCARB1, ATOH8, ANGPT2, ADAM9, SASH1, RREB1, PROX1, EPHA2, HDAC5, CORO1C, CCR5, CXCL13, ETS1, 
MAPK14, VEGFA 1.569791482 1 0.352549464 44.01470275 
GO:0019233~sensory perception of pain 14 1.000714796 0.028811332 TACR1, IL1RN, KCNA1, GRIN2A, HOXD1, ASIC1, KCNIP3, CALCA, P2RX4, P2RX7, ARRB1, CCR2, ALOX5, CACNA1B 1.927220927 1 0.352100883 44.02703885 
GO:0006897~endocytosis 48 3.431022159 0.028854109 
SNX18, ACHE, ENPP1, HIP1R, SYT2, MYO7A, CDC42SE1, PIP5K1C, ADRBK1, PPT1, ITSN2, MAPKAPK2, CBLL1, SCARF2, CALCA, PACSIN1, WIPF2, SCARB1, SSC4D, EHD1, ANO6, 
TMPRSS13, GPR107, HHIPL1, ABR, ARHGAP27, CD5L, BTBD9, TMPRSS4, MICALL1, MIB1, SH3BP4, P2RX7, RABEP2, ARRB1, VEGFA, RAB22A, SORT1, OPHN1, SNX32, SNX33, ABL1, 
BIN2, LRP3, PROS1, SCARA5, ABL2, LRP4 
1.352739998 1 0.351970171 44.07595632 
GO:0045445~myoblast differentiation 12 0.85775554 0.029020344 HIF1AN, MAPK12, HMGCR, MAPK14, DICER1, HINFP, ID3, MBNL3, REST, SRF, IGFBP3, NMRK2 2.069855178 1 0.35305744 44.26566813 
GO:0009166~nucleotide catabolic process 12 0.85775554 0.029020344 NUDT16, PPARA, P2RX7, ARRB1, PDE7A, NT5M, MLYCD, TP53, ENTPD4, PRKAA2, NT5E, STAT3 2.069855178 1 0.35305744 44.26566813 
GO:0016482~cytoplasmic transport 83 5.932809149 0.029196818 
TGOLN2, LZTS2, HTATIP2, ATL2, FGF9, FAM20B, RBM4, TIMM17B, BAP1, VPS33A, BAK1, BAG4, CDKN2A, IFNG, VPS4B, RBCK1, RAB6B, YOD1, LEPROT, ASPH, ZDHHC8, HNRNPA2B1, 
TP53, UBE2J1, THY1, SMO, SGSM2, CCR5, DTWD2, CEMIP, HHAT, THOC6, AKAP6, SORT1, KPNA6, UBL4B, MAVS, SYVN1, ERBB4, ABLIM3, PNPT1, PPM1A, AKAP13, ITGB3, UBAC2, 
EDEM1, CALCA, UBASH3B, BLOC1S3, STX18, BCL2, PPP2CA, DDX19B, TAP2, SCARB2, RASA3, VPS36, PLAGL2, EPO, SPRN, RAB8B, SLC8A2, LRRC46, SMAD4, TOMM40, NXF1, TMED9, 
UBE2L3, RPL28, STAT3, ATXN1, SFRP5, P2RX4, P2RX7, BBC3, GPR39, MAPK14, MLX, IKBKG, SVIP, SMURF1, ABL1, SEL1L 
1.242959582 1 0.354239436 44.46639587 
GO:0050804~modulation of synaptic 
transmission 34 2.430307362 0.029379003 
LZTS1, ERBB4, FGF14, CPEB3, CRTC1, ABHD6, TACR1, DRD4, BCAN, PPT1, SRF, GDNF, LNPEP, SHISA6, SLC24A2, IFNG, SYN2, NFATC4, HCN4, SLC8A2, NTF4, CREB1, GRIN2A, ASIC1, 
NRXN1, BTBD9, PPP1R9B, YWHAG, RASGRF2, RASGRF1, OPHN1, USP46, ABAT, CACNA1B 1.448693282 1 0.355470829 44.67289848 
GO:0042127~regulation of cell proliferation 128 9.149392423 0.029483796 
HMGCR, VTCN1, PPP2R5C, REST, GDNF, BAK1, MYD88, CSNK2A1, CDKN2A, GAB2, CDKN2B, IFNG, ASPH, ATOH8, FNDC3B, NUDT16, PHOX2B, RREB1, LIFR, SIX5, LIG4, VAX1, PROX1, 
THY1, SSTR5, CCR5, RASGRF1, CCR2, VEGFA, NEU1, PRDM1, ATXN1L, TNFAIP3, PLA2G2D, PTGDR2, FGFR2, FGFR1, ERBB4, ERBB3, PKHD1, ERBB2, PTH1R, BMPR2, ITGB3, LIN28A, 
TRIM71, SRF, LIF, VDR, AGGF1, OVOL1, FBXW4, TRAF6, NKX2-3, B4GALT1, MUC2, ESRRA, ST6GAL1, TCF7, VAV3, KLF13, ACER2, SMAD4, SMAD2, SEPN1, HDAC5, SFRP5, NOTCH2, 
SRSF6, ETS1, CXCL13, CD59, DNAJB2, ABL1, ABL2, KCNH1, FGF5, LZTS2, E2F3, FGF9, TACR1, DICER1, ACVR1C, APLN, SOX11, TP53, CDK6, IL6R, SMO, DDR1, BTG2, RRM2, DIS3L2, 
RBM38, EIF5A2, CD244, CD248, CDH5, TNFRSF1B, BCL2, YES1, SCN5A, ZC3H12D, APC, NFATC1, EPO, TNFSF4, JARID2, CREB1, RAF1, AMBRA1, SIRT2, TP73, STAT3, ATXN1, PPP1R9B, 
SH3BP4, ID2, ID1, MAPK14, IRF1, GDF11, ABCC4, SP6, ID3, IGFBP3, NFIB, TP53INP1 
1.182265667 1 0.355940792 44.79134937 
GO:0032835~glomerulus development 10 0.714796283 0.029988845 COL4A3, RET, PODXL, BCL2, IFNG, VANGL2, ENPEP, ITGB3, PTPRO, ANGPT2 2.27246005 1 0.360292629 45.35885074 
GO:0035966~response to topologically incorrect 
protein 
13 0.929235168 0.030167332 BAK1, BFAR, ATXN3, SYVN1, STC2, TMBIM6, IFNG, UBE2W, YOD1, RNF121, ANKZF1, EDEM1, DNAJB5 1.979941257 1 0.361459448 45.55808008 
GO:0030879~mammary gland development 19 1.358112938 0.030373358 FGFR2, B4GALT1, NRG3, ERBB4, RREB1, ERBB3, ERBB2, CREB1, HK2, EPHA2, PPAT, HOXD9, VDR, SMO, DDR1, CDKN2A, ID2, VEGFA, NCOR2 1.700084175 1 0.362884457 45.78719127 
 273 
GO:1901137~carbohydrate derivative 
biosynthetic process 
57 4.074338813 0.030514098 
ADCY1, ALG1, B3GALT4, MAN1B1, ST6GALNAC6, MAT1A, B3GALNT2, NT5E, VANGL2, UBE2J1, MAN1A1, PMM2, CCR7, PANK1, RRM2, AKAP6, SYVN1, GALNT7, MRAP, FUT7, DRD4, 
BMPR2, GPR65, ATP5G2, ST8SIA3, PPCDC, NECAB3, EDEM1, PFAS, PPAT, CALCA, ECE1, GORASP1, CCDC126, FUT4, FUT1, UCK1, TSTA3, UCK2, ENTPD1, B4GALT6, GCNT1, GALNT14, 
B4GALNT1, B4GALT1, MGAT4A, ST6GAL1, B4GAT1, ACER2, ACACB, TET2, STAT3, ST8SIA4, DPM2, POFUT2, ALG12, PDZD3 
1.311962064 1 0.363676426 45.94317549 
GO:0031331~positive regulation of cellular 
catabolic process 
38 2.716225876 0.030577309 
CPEB3, PNPT1, HK2, UVRAG, CALCOCO2, TRIB2, TRIM65, TNFRSF1B, NOD1, GMIP, IFNG, LSM4, AGO2, PRKAA2, ADAM9, RNF144A, RNF144B, PHYHIP, HAPLN1, EPM2A, SOCS4, 
AMBRA1, FAM131B, SIRT2, SLC35C1, SH3BP4, P2RX7, BTG2, IST1, SVIP, DNAJB2, SMURF1, SNX33, TNFAIP3, IGFBP3, RNF40, TP53INP1, PIP4K2B 
1.409396207 1 0.363724088 46.01309314 
GO:0016050~vesicle organization 23 1.644031451 0.030595411 
SNAP29, STX6, SNX18, VAV3, CREB1, MYO7A, UVRAG, VPS37B, TMED9, SLC17A7, P2RX7, BLOC1S3, TRIM9, BCL2, PVRL2, VPS4B, SORT1, SNX32, PAFAH1B1, SNX33, MYO18A, 
SEC23IP, NBEAL2 
1.598443987 1 0.363341264 46.03310049 
GO:0090316~positive regulation of intracellular 
protein transport 
27 1.929949964 0.03070288 
MAVS, ERBB4, FAM20B, ERBB2, ABLIM3, PPM1A, BAP1, EDEM1, OAZ2, RBCK1, ASPH, LEPROT, PLAGL2, ZDHHC8, LRRC46, SMAD4, UBE2L3, DCTN1, RPL28, RUFY3, SMO, DTWD2, 
MAPK14, CEMIP, HHAT, UBL4B, AKAP6 
1.527847646 1 0.363810891 46.15173515 
GO:0031098~stress-activated protein kinase 
signaling cascade 
27 1.929949964 0.03070288 
HMGCR, FGF14, RBM4, MAPKAPK2, MYD88, NOD1, ERCC6, MAP3K3, MAP3K1, PAFAH1B1, TRAF6, MAP2K7, SASH1, DVL3, TAOK1, IL1RN, VANGL2, MUL1, TP73, SFRP5, DUSP3, 
MAPK14, VEGFA, SEMA4C, MAP3K10, MAP3K13, MAP3K11 
1.527847646 1 0.363810891 46.15173515 
GO:0006886~intracellular protein transport 74 5.289492495 0.030752182 
FGF9, FAM20B, MYO7A, TIMM17B, BAP1, RAB3IP, KCNIP3, BAG4, CDKN2A, IFNG, RBCK1, RAB6B, YOD1, LEPROT, ASPH, SAR1B, STX6, BSG, ZDHHC8, TP53, UBE2J1, DCTN1, SMO, 
ATG4D, DTWD2, CEMIP, HHAT, AKAP6, SORT1, KPNA6, UBL4B, MAVS, SNX18, PACS2, SYVN1, ERBB4, ABLIM3, RTP1, ERBB2, COPZ1, CACNB1, PPM1A, UBAC2, EDEM1, OAZ2, STX18, 
PPP2CA, TAP2, SCARB2, EHD1, VPS36, APBA1, PLAGL2, SPRN, RAB8B, SNX27, LRRC46, SMAD4, TOMM40, TMED9, UBE2L3, RPL28, RUFY3, STAT3, MICALL1, SFRP5, YWHAG, MAPK14, 
IKBKG, SVIP, SMURF1, SNX33, GGA2, SEL1L 
1.256727017 1 0.363725979 46.2060762 
GO:0003279~cardiac septum development 14 1.000714796 0.030864482 FGFR2, DVL3, SOX11, VANGL2, TP53, SMAD4, LUZP1, PROX1, NOTCH2, SMO, ID2, STRA6, PRDM1, NFATC1 1.908866442 1 0.36423873 46.32965989 
GO:0007611~learning or memory 28 2.001429593 0.030872144 ADCY1, HMGCR, CPEB3, CRTC1, TACR1, DRD4, PPT1, SRF, KCNK10, BHLHB9, SLC24A2, STRA6, PAFAH1B1, SLC8A2, NTF4, CREB1, IL1RN, EPM2A, GRIN2A, ASIC1, NRXN1, BTBD9, 
ATXN1, SLC17A7, PPP1R9B, BTG2, ABL1, ABL2 
1.512686615 1 0.363759388 46.33808218 
GO:0007498~mesoderm development 15 1.072194425 0.031209443 FGFR2, FGFR1, SMAD4, BMPR2, SMAD2, ITGB3, SRF, EPHA2, SMO, CRB2, PPP2CA, OVOL1, VEGFA, TXNRD1, POFUT2 1.851271334 1 0.366391346 46.70759797 
GO:0007613~memory 16 1.143674053 0.031278769 ADCY1, SLC8A2, NTF4, CPEB3, CRTC1, TACR1, CREB1, IL1RN, DRD4, GRIN2A, ASIC1, SRF, BTBD9, KCNK10, SLC17A7, SLC24A2 1.803653331 1 0.36649088 46.78324564 
GO:0046849~bone remodeling 12 0.85775554 0.0313695 CALCA, NOTCH2, P2RX7, ENPP1, RAB3D, UBASH3B, EFNA2, VEGFA, PTH1R, ITGB3, TRAF6, EPHA2 2.045214045 1 0.366790719 46.88209706 
GO:1903955~positive regulation of protein 
targeting to mitochondrion 
12 0.85775554 0.0313695 DTWD2, FAM20B, ZDHHC8, ABLIM3, LRRC46, HHAT, UBL4B, BAP1, LEPROT, UBE2L3, RPL28, PLAGL2 2.045214045 1 0.366790719 46.88209706 
GO:0010623~developmental programmed cell 
death 
8 0.571837026 0.031408636 PPP2R1B, B4GALT1, VDR, BAK1, CASP6, CDKN2A, BCL2, CASP2 2.602999694 1 0.366606709 46.92468132 
GO:0001945~lymph vessel development 6 0.42887777 0.031606826 VEGFA, CCBE1, BMPR2, PROX1, EPHA2, NFATC1 3.303807304 1 0.367907786 47.13983761 
GO:1901385~regulation of voltage-gated calcium 
channel activity 6 0.42887777 0.031606826 NOS1AP, FGF14, DRD4, CACNB1, CACNB2, CACNB3 3.303807304 1 0.367907786 47.13983761 
GO:0030513~positive regulation of BMP signaling 
pathway 7 0.500357398 0.032414208 NOTCH2, CRB2, SOX11, SMAD4, BMPR2, SMAD2, NEO1 2.863299663 1 0.374836206 48.00780643 
GO:0000956~nuclear-transcribed mRNA 
catabolic process 13 0.929235168 0.032423145 PAN2, GTPBP2, CPEB3, SECISBP2, SMG1, BTG2, RBM8A, DCP1A, EDC3, DIS3L2, LSM4, AGO2, MAGOHB 1.95909977 1 0.374363052 48.01733759 
GO:0009968~negative regulation of signal 
transduction 
86 6.147248034 0.032503589 
LZTS2, FGF9, HMGCR, RORA, LRRC15, GDNF, ZNRF3, NLRC5, TRIAP1, HIF1AN, LEPROT, GPC1, STMN3, MADD, SLA2, TP53, PADI2, UBR2, SOCS4, BCL2L12, PTPRO, THY1, LRPAP1, 
ANKRD26, GRB10, ARRB1, VEGFA, PRDM1, TNFAIP3, SYVN1, RTN4RL1, MCL1, ENPP1, ERBB3, PKHD1, ONECUT2, PPM1A, ADRBK1, BCL2L2, FEM1A, SEC14L1, CALCA, RASAL2, LIF, 
RASAL1, AMER2, AKT1S1, FGB, UBASH3B, BCL2, NFATC4, PAFAH1B1, PRKAA2, RASA3, BMF, LFNG, APC, EPO, TMBIM6, EPM2A, IL1RN, MUL1, RAF1, TP73, EPHA2, AJUBA, ATXN1, 
PPIF, SFRP5, SLC35C1, BFAR, SH3BP4, DUSP3, P2RX7, MAPK14, ULK3, IKBKG, IRF1, RGS6, SMURF1, IRF4, ABL1, ABL2, LRP4, DUSP7, DUSP6 
1.231218855 1 0.374548166 48.10305895 
GO:0043543~protein acylation 24 1.715511079 0.032549589 KANSL2, WDR5, ZDHHC8, ZDHHC7, TADA2B, PPM1A, SMAD4, NAA25, ZDHHC18, PHF20, NAT9, PORCN, LIF, HDAC5, TAF5L, BRPF1, JADE2, BRPF3, ARRB1, MSL1, NAA60, ZDHHC9, 
HHAT, IRF4 
1.568931322 1 0.374416933 48.15201503 
GO:0072655~establishment of protein 
localization to mitochondrion 
18 1.28663331 0.032588952 FAM20B, ZDHHC8, ABLIM3, TIMM17B, LRRC46, HK2, BAP1, TOMM40, UBE2L3, RPL28, BAG4, CDKN2A, BBC3, DTWD2, HHAT, UBL4B, LEPROT, PLAGL2 1.717979798 1 0.374225456 48.19387383 
GO:0090559~regulation of membrane 
permeability 
9 0.643316655 0.032648515 PPIF, BAK1, BBC3, BCL2, TP53, NAIF1, HK2, RHOT2, STAT3 2.386083053 1 0.374219212 48.25715164 
GO:0060119~inner ear receptor cell development 9 0.643316655 0.032648515 FGFR1, FAT4, MYO7A, DICER1, VANGL2, LRTOMT, PCDH15, PAFAH1B1, SLITRK6 2.386083053 1 0.374219212 48.25715164 
GO:0016575~histone deacetylation 10 0.714796283 0.032818144 HDAC5, ATXN3, BRMS1, VEGFA, TP53, SIRT7, REST, RBM14, BAZ2A, SIRT2 2.236952862 1 0.375215972 48.43695792 
GO:0015936~coenzyme A metabolic process 5 0.357398142 0.032853197 PANK1, MLYCD, HMGCR, ACACB, PPCDC 3.976805088 1 0.374985237 48.47404104 
GO:0070861~regulation of protein exit from 
endoplasmic reticulum 
5 0.357398142 0.032853197 UBE2J1, SVIP, YOD1, EDEM1, UBAC2 3.976805088 1 0.374985237 48.47404104 
GO:0033630~positive regulation of cell adhesion 
mediated by integrin 
5 0.357398142 0.032853197 RET, CXCL13, PODXL, ITGB3, ADAM9 3.976805088 1 0.374985237 48.47404104 
GO:0043433~negative regulation of sequence-
specific DNA binding transcription factor activity 
17 1.215153681 0.03299546 SFRP5, NLRC5, TNFSF4, CDKN2A, BRMS1, ID2, ARRB1, PKHD1, ID1, CEBPG, SETD6, MAP3K10, RBCK1, ID3, TNFAIP3, PROX1, FOXS1 1.750938643 1 0.375727914 48.62427872 
GO:0040013~negative regulation of locomotion 29 2.072909221 0.033284928 
NRG3, ERBB4, ABHD6, MMP28, SRF, STARD13, ACVR1C, BCL2, ROBO4, ANGPT2, GPR173, MUC2, ST6GAL1, ABR, IL1RN, PADI2, STAT3, THY1, CORO1C, HDAC5, CCR5, CXCL13, 
SEMA4F, SEMA4C, SEMA4B, SEMA4D, IGFBP3, SRGAP2, TP53INP1 
1.488094807 1 0.377796482 48.92869169 
GO:0001501~skeletal system development 46 3.288062902 0.033517112 
FGFR2, FGFR1, MEGF8, IMPAD1, FGF9, DICER1, PTH1R, BMPR2, BCAN, HOXD1, MMP2, SRF, VDR, FAT4, FBXW4, PAFAH1B1, COL11A2, ANO6, NBEAL2, MAF, SGPL1, HAPLN1, ESRRA, 
SOX11, WDR5, TBX4, SMAD2, EPHA2, FOXN3, HOXD9, HOXB3, MEF2D, P2RX7, SP1, CSRNP1, MAPK14, TRPS1, FREM1, SP3, VEGFA, GDF11, SP5, SEMA4D, NCAN, BMPR1B, NFIB 
1.349505989 1 0.379336845 49.17162462 
GO:0006508~proteolysis 133 9.506790565 0.03394343 
MASP1, PGC, PPP2R5C, REST, ENPEP, OTUB2, MMP2, ZNRF3, BAK1, CSNK2A1, CDKN2A, IFNG, CCBE1, VPS4B, RBCK1, TLK2, ASPH, ANKZF1, LONRF2, TMPRSS13, ADAM9, NUDT16, 
RET, UBE2J1, UBR2, SOCS4, RNF222, BCL2L12, ARRB1, TMPRSS11F, DLD, VEGFA, OPHN1, ADAMTS1, TNFAIP3, FBXO10, ADAMTS4, ERMP1, SYVN1, ANAPC15, COPS7B, ECE1, CRB2, 
FGB, ASRGL1, RNF168, FBXO45, ACER2, FOXRED2, MUL1, UBE2L3, FURIN, PSMB8, PSMB9, BFAR, P2RX7, GGT7, OTUB1, BBC3, CD59, LVRN, CYFIP2, DNAJB2, SMURF1, PDIA3, 
UBE2G1, MAN1B1, BAP1, ANPEP, MMP28, ACVR1C, LNPEP, TRIAP1, CASP6, NOD1, TRIM9, CASP7, USP12, YOD1, DPP9, PSMD7, PRSS35, CASP2, VCPIP1, ADAM11, BRCC3, HERC6, 
TP53, UBE2I, MMP11, ATG4D, SERPINB8, TYSND1, UBE2W, CLN6, CPM, USP8, ADAMTS14, USP2, ADAMTS15, EDEM1, TRIB2, UBE2R2, TNFRSF1B, MAP3K1, PPP2CA, USP38, KLHL40, 
USP37, UCK2, PCSK7, RNF121, LMLN, VPS36, APC, RNF144A, RNF144B, COL4A3, ATXN7L3, SIRT2, TMPRSS4, ATXN3, PSMD13, RPS6KA1, AREL1, TENM2, IST1, USP46, SVIP, SNX33, 
PERP, RNF40, USP45 
1.173194255 1 0.38260304 49.61482284 
GO:0045862~positive regulation of proteolysis 30 2.144388849 0.034603692 
REST, TRIB2, ACVR1C, BAK1, TNFRSF1B, NOD1, CDKN2A, PPP2CA, IFNG, CCBE1, ASPH, ADAM9, RNF144A, RNF144B, COL4A3, RET, ACER2, MUL1, SOCS4, SIRT2, BBC3, ARRB1, IST1, 
CYFIP2, DNAJB2, SNX33, SMURF1, PERP, RNF40, CLN6 
1.470873115 1 0.387912482 50.29399437 
GO:0032872~regulation of stress-activated MAPK 
cascade 
22 1.572551823 0.034626393 
SASH1, DVL3, TAOK1, HMGCR, IL1RN, VANGL2, MUL1, TP73, SFRP5, DUSP3, MYD88, ERCC6, NOD1, MAP3K3, MAP3K1, VEGFA, SEMA4C, MAP3K10, PAFAH1B1, TRAF6, MAP2K7, 
MAP3K11 
1.598796766 1 0.387557245 50.31718942 
GO:0072332~intrinsic apoptotic signaling 
pathway by p53 class mediator 
11 0.786275911 0.035039876 E2F2, PDK2, TRIAP1, BBC3, AEN, PPP2R5C, TP53, PERP, BCL2L12, TP73, JMY 2.099753086 1 0.390639149 50.73789068 
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GO:0072527~pyrimidine-containing compound 
metabolic process 9 0.643316655 0.035958928 THTPA, NT5M, RRM2, UCK1, ENTPD4, UCK2, TET2, TK2, ACPP 2.342699725 1 0.398086247 51.66090313 
GO:0060324~face development 9 0.643316655 0.035958928 HOXB3, SGPL1, CSRNP1, ALDH1A3, RAF1, STRA6, ASPH, MMP2, SRF 2.342699725 1 0.398086247 51.66090313 
GO:1902807~negative regulation of cell cycle 
G1/S phase transition 
9 0.643316655 0.035958928 CDKN2B, BCL2, PPP2R5C, TP53, RBM38, CTDSP2, CASP2, ZC3H12D, TP73 2.342699725 1 0.398086247 51.66090313 
GO:0010822~positive regulation of 
mitochondrion organization 
28 2.001429593 0.036016936 
FAM20B, ABLIM3, HK2, BAP1, BAK1, GMIP, LSM4, LEPROT, BMF, PLAGL2, HAPLN1, PHYHIP, ZDHHC8, LRRC46, TP53, MUL1, AMBRA1, UBE2L3, RPL28, FAM131B, PPIF, SLC35C1, 
DTWD2, BBC3, IST1, HHAT, UBL4B, SMURF1 
1.490193133 1 0.398025705 51.71860674 
GO:0046486~glycerolipid metabolic process 29 2.072909221 0.036019068 
CDIPT, IMPAD1, ABHD6, PHKA1, ABHD3, PIP5K1C, PI4K2B, CDS2, MTMR3, PGP, DAGLA, PIP5KL1, SCARB1, IP6K1, MTMR6, ACSL6, NKX2-3, PGAP3, SCD, PIK3C2B, TAZ, PIK3CD, SMG1, 
LPIN2, AJUBA, DGAT1, DPM2, PLA2G5, PIP4K2B 
1.477503385 1 0.397483252 51.72072663 
GO:0070302~regulation of stress-activated 
protein kinase signaling cascade 
22 1.572551823 0.036292919 
SASH1, DVL3, TAOK1, HMGCR, IL1RN, VANGL2, MUL1, TP73, SFRP5, DUSP3, MYD88, ERCC6, NOD1, MAP3K3, MAP3K1, VEGFA, SEMA4C, MAP3K10, PAFAH1B1, TRAF6, MAP2K7, 
MAP3K11 
1.590722035 1 0.399281443 51.99224605 
GO:0006109~regulation of carbohydrate 
metabolic process 
20 1.429592566 0.036604531 PPARA, PDK2, CD244, COX11, ENPP1, WDR5, ACER2, PDK3, PTH1R, TP53, RORA, ACACB, STAT3, P2RX7, PPP1CA, GRB10, PGP, MLYCD, PRKAA2, IGFBP3 1.636171236 1 0.401391333 52.29944151 
GO:0048596~embryonic camera-type eye 
morphogenesis 
6 0.42887777 0.03663446 SP1, SOX11, SP3, ALDH1A3, STRA6, PROX1 3.18144407 1 0.401086152 52.3288478 
GO:0006977~DNA damage response, signal 
transduction by p53 class mediator resulting in 
cell cycle arrest 
4 0.285918513 0.036644036 PPP2R5C, TP53, RBM38, CASP2 5.205999388 1 0.400608339 52.33825304 
GO:0060900~embryonic camera-type eye 
formation 4 0.285918513 0.036644036 SOX11, ALDH1A3, STRA6, PROX1 5.205999388 1 0.400608339 52.33825304 
GO:0009143~nucleoside triphosphate catabolic 
process 
4 0.285918513 0.036644036 NUDT16, ENPP1, ENTPD3, DCTPP1 5.205999388 1 0.400608339 52.33825304 
GO:0071158~positive regulation of cell cycle 
arrest 
7 0.500357398 0.036682456 CDKN2A, ID2, PPP2R5C, TP53, RBM38, CASP2, TP73 2.783763562 1 0.400377648 52.37597059 
GO:0048871~multicellular organismal 
homeostasis 
32 2.287348106 0.036928401 RP1, RAB3D, ERBB4, PTH1R, ITGB3, SRF, CALCA, ERCC6, UBASH3B, BCL2, TRAF6, SLC28A2, COL11A2, TMPRSS13, APLN, TMEM79, MUC2, LIPA, SCD, IL1RN, PCDH15, ACACB, PIGR, 
BTBD9, STAT3, SMO, P2RX7, DRAM2, CCR5, FLG, VEGFA, ABAT 
1.440653919 1 0.401910661 52.61674293 
GO:0071363~cellular response to growth factor 
stimulus 
56 4.002859185 0.036997428 
FGF5, PDIA3, FGF14, FGF9, ACVR1C, BAG4, CDKN2B, CCBE1, GPC1, ANGPT2, ADAM9, PHOX2B, SOX11, GRIN2A, TP53, GRB10, VEGFA, SORT1, FGFR2, FGFR1, MEGF8, ERBB2, 
ONECUT2, PPM1A, BMPR2, ITGB3, NEO1, MAPKAPK2, TRIM71, CDH5, CALCA, TNFRSF1B, AKT1S1, FAT4, CRB2, MAP3K1, EHD1, YES1, APC, CREB1, SMAD4, RAF1, SMAD2, FURIN, 
SIRT2, MICALL1, PPP1R9B, NOTCH2, CXCL13, ID1, MAPK14, SMURF1, BMPR1B, ABL1, LRP4, DUSP6 
1.297287873 1 0.401938283 52.68411044 
GO:2000146~negative regulation of cell motility 24 1.715511079 0.03719587 
GPR173, MUC2, NRG3, ABR, ERBB4, ABHD6, IL1RN, PADI2, MMP28, SRF, STAT3, ACVR1C, THY1, STARD13, CORO1C, HDAC5, CCR5, CXCL13, BCL2, ROBO4, IGFBP3, ANGPT2, 
TP53INP1, SRGAP2 
1.547729548 1 0.403058899 52.87727468 
GO:0030217~T cell differentiation 24 1.715511079 0.03719587 TCF7, TNFSF4, CD8A, FUT7, ERBB2, TP53, ITPKB, CDK6, LIG4, RORA, SRF, CCR7, CDKN2A, SP3, BCL2, IFNG, IRF1, IRF4, ABL1, ABL2, LFNG, PLA2G2D, APC, NKX2-3 1.547729548 1 0.403058899 52.87727468 
GO:0060173~limb development 21 1.501072194 0.037393982 FRAS1, FGFR2, MEGF8, FGFR1, IMPAD1, RAX, FGF9, SOX11, TBX4, DICER1, BMPR2, SMAD4, HOXD9, BAK1, NOTCH2, TMEM231, ECE1, FBXW4, ASPH, BMPR1B, LRP4 1.607735105 1 0.404170953 53.0693709 
GO:0048736~appendage development 21 1.501072194 0.037393982 FRAS1, FGFR2, MEGF8, FGFR1, IMPAD1, RAX, FGF9, SOX11, TBX4, DICER1, BMPR2, SMAD4, HOXD9, BAK1, NOTCH2, TMEM231, ECE1, FBXW4, ASPH, BMPR1B, LRP4 1.607735105 1 0.404170953 53.0693709 
GO:0021761~limbic system development 16 1.143674053 0.03742014 FGFR2, SMO, FGFR1, PPP1R9B, RAX, BTG2, ETS1, ALDH1A3, KCNA1, GRIN2A, BCAN, PAFAH1B1, PROX1, SRF, TP73, ACVR1C 1.762030562 1 0.403834555 53.09467914 
GO:0097192~extrinsic apoptotic signaling 
pathway in absence of ligand 
11 0.786275911 0.037928459 PPP2R1B, BAK1, PPP1CA, RET, MCL1, ERBB3, BCL2, MKNK2, BCL2L2, GDNF, CASP2 2.072124756 1 0.407531571 53.58391631 
GO:0038034~signal transduction in absence of 
ligand 
11 0.786275911 0.037928459 PPP2R1B, BAK1, PPP1CA, RET, MCL1, ERBB3, BCL2, MKNK2, BCL2L2, GDNF, CASP2 2.072124756 1 0.407531571 53.58391631 
GO:1901652~response to peptide 47 3.35954253 0.038048839 
PPARA, ENPP1, FFAR4, ERBB3, CYP11B2, RBM4, RHOQ, ITGB3, PPAT, ACVR1C, EIF4EBP1, NOD1, SCLY, BCL2, PPP2CA, LEPROT, GCNT1, BDH1, MTUS1, ACSL6, EIF2B5, PDK2, BSG, 
ARHGEF2, ESRRA, STC2, BAIAP2L1, CREB1, IL6R, STAT3, SSTR5, ANKRD26, PPP1R9B, UGT2B17, GRB10, YWHAG, SSTR3, BTG2, RASGRF1, ID1, MAPK14, IRF1, SORT1, TNFAIP3, RNF40, 
ABCC5, KLF3 
1.332426576 1 0.407976474 53.69906572 
GO:0007417~central nervous system 
development 
88 6.290207291 0.038049888 
NRG3, CCDC85C, FGF9, EFNA2, DICER1, BCAN, RORA, GDNF, ACVR1C, MBP, IGHMBP2, BAK1, ATP2B3, CDKN2A, UNC5C, CASP2, NT5E, EIF2B5, PHOX2B, RBFOX2, RAX, SOX11, 
HNRNPA2B1, SECISBP2, TP53, GRIN2A, PADI2, LIG4, NRXN1, VAX1, MBD1, PROX1, TACC2, NUMBL, SMO, SSTR3, BTG2, CCR5, ARCN1, THOC6, SEMA4C, ABAT, NCAN, SRGAP2, 
FGFR2, FGFR1, ERBB4, ERBB2, KCNA1, BMPR2, PPT1, SRF, LIF, FAT4, BCL2, ALDH1A3, PAFAH1B1, LHX6, BDH1, SCN5A, FBXO45, DCLK1, HAPLN1, ABR, SLC8A2, NIN, CREB1, CELSR2, 
SLC6A17, TP73, SIRT2, STAT3, SLC17A7, HOXB3, PPP1R9B, SLC4A10, ID2, ETS1, BBC3, ID1, TENM2, DRP2, GDF11, ID3, ABL1, ABL2, NCOR2, NFIB 
1.218425389 1 0.407428755 53.70006776 
GO:0048536~spleen development 8 0.571837026 0.038931907 CDKN2B, JARID2, BCL2, DICER1, TET2, ABL1, NKX2-3, PSMB9 2.489825794 1 0.41415497 54.5355057 
GO:0010660~regulation of muscle cell apoptotic 
process 
10 0.714796283 0.039019233 CDKN2A, ERBB4, ARRB1, HMGCR, DICER1, IFNG, TP53, LIFR, SIRT5, IGFBP3 2.169166412 1 0.414311106 54.61743744 
GO:0006925~inflammatory cell apoptotic process 5 0.357398142 0.039382664 ST6GAL1, CDKN2A, CCR5, IFNG, ITPKB 3.767499557 1 0.416720083 54.95691131 
GO:1903859~regulation of dendrite extension 5 0.357398142 0.039382664 RASAL1, SYT2, MUL1, ITSN2, SMURF1 3.767499557 1 0.416720083 54.95691131 
GO:1903861~positive regulation of dendrite 
extension 
5 0.357398142 0.039382664 RASAL1, SYT2, MUL1, ITSN2, SMURF1 3.767499557 1 0.416720083 54.95691131 
GO:0045066~regulatory T cell differentiation 5 0.357398142 0.039382664 TNFSF4, FUT7, IFNG, IRF1, PLA2G2D 3.767499557 1 0.416720083 54.95691131 
GO:0046903~secretion 90 6.433166548 0.040666681 
PTGES2, VTCN1, HMGCR, SYT2, TACR1, RBM4, PIP5K1C, ANPEP, REST, VPS33A, ACVR1C, STXBP5L, GAB2, TRIM9, IFNG, RASL10B, VPS4B, CDK16, APLN, PSMD9, ADAM9, CRTAM, 
NOS1AP, MADD, SOX11, NRXN1, SSTR5, DDR1, SLC26A6, CCR7, CHRM5, DGAT1, CCR5, ARRB1, VEGFA, CCR2, ABAT, MYO18A, TNFAIP2, PLA2G5, SNAP29, FGFR1, CD244, FFAR4, 
RAB3D, ERBB4, ERBB3, DRD4, BRSK2, HK2, ADRBK1, PPT1, NEO1, MYT1, PPAT, LIF, VDR, FGB, BLOC1S3, CKLF, POU2F2, SYN2, PAFAH1B1, TRAF6, ENTPD1, APBA1, TMEM79, 
B4GALT1, TNFSF4, ABR, RAB8B, CREB1, TMBIM6, IL1RN, SMAD4, RAF1, CELSR2, SMAD2, ASIC1, FURIN, TP73, NOTCH2, P2RX7, GPR39, MAPK14, ABCC4, ABL1, ABL2, NCOR2, 
CACNA1B 
1.210982 1 0.426526182 56.13707936 
GO:0051899~membrane depolarization 11 0.786275911 0.040977294 P2RX4, P2RX7, CDKN2A, SCN2B, SCN4B, CACNG2, SCN5A, SCN4A, HSH2D, CNGA2, CACNA1B 2.045214045 1 0.428439427 56.41812716 
GO:0006885~regulation of pH 11 0.786275911 0.040977294 SLC17A7, PDK2, SLC26A6, SLC4A10, BCL2, SLC26A9, TP53, TTPA, PPT1, SLC4A4, CLN6 2.045214045 1 0.428439427 56.41812716 
GO:0006835~dicarboxylic acid transport 11 0.786275911 0.040977294 SLC17A7, SLC1A5, P2RX7, SLC26A6, SLC25A10, IL1RN, SLC26A9, ABAT, SLC19A1, APBA1, SLC46A1 2.045214045 1 0.428439427 56.41812716 
GO:0032268~regulation of cellular protein 
metabolic process 
185 13.22373124 0.041281835 
MASP1, HMGCR, PPP2R5C, RBM4, ITPKB, SPRTN, REST, BAK1, DIRAS1, EIF4EBP1, MYD88, CDKN2A, CSNK2A1, CDKN2B, RBM8A, MAP3K9, IFNG, CCBE1, CTDSP2, PELI2, TLK2, ASPH, 
MAP2K7, EIF2B5, ADAM9, GTPBP2, PPP1R37, CEP85, RET, MADD, VANGL2, TADA2B, SECISBP2, SOCS4, RNF222, PROX1, BCL2L12, THY1, ARFGEF3, ARRB1, VEGFA, CCR2, OPHN1, 
AKAP6, MVK, TNFAIP3, MAVS, FGFR2, TNFAIP8L3, FGFR1, PPME1, ENPP1, ERBB4, ERBB3, PKHD1, ELL, ERBB2, DRD4, ANAPC15, BMPR2, AKAP13, ITGB3, LIN28A, TRIM71, SH3BP5L, 
LIF, AHRR, ECE1, AKT1S1, CRB2, UBASH3B, FGB, TRAF6, DVL3, SASH1, LAMTOR3, TAOK1, ACER2, IL1RN, MYO1D, SMAD4, MUL1, UBE2L3, FURIN, EPHA2, CORO1C, HDAC5, SFRP5, 
P2RX7, CSRNP3, EPHA8, BBC3, OTUB1, CD59, TRPS1, IKBKG, CYFIP2, DNAJB2, SMURF1, ABL1, ABL2, NCOR2, PDIA3, CPEB3, FGF9, CDC14B, DICER1, UVRAG, PHF23, LRRC15, ACVR1C, 
BAG4, TRIAP1, NOD1, ZFYVE1, PPP2R1B, ARHGEF2, NOS1AP, LIMK1, TP53, CAMSAP3, IL6R, UBN1, ANKRD26, KSR2, BTG2, SERPINB8, SEMA4C, CEMIP, MAP3K10, SEMA4D, 
1.128965127 1 0.430292187 56.69202041 
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MAP3K13, EIF5A2, PLA2G5, MAP3K11, CLN6, RTN4RL1, FFAR4, MKNK2, PPP6R3, FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, BCL2, PPP2CA, MAP3K1, KLHL40, AGO2, 
PAFAH1B1, UNK, YES1, ZC3H12D, APC, EPO, RNF144A, RNF144B, COL4A3, JARID2, ELAVL1, RAF1, SIRT2, TP73, AJUBA, PPP1R9B, DUSP3, BRMS1, RPS6KA1, ID1, IST1, IRF1, GDF11, 
KDM4B, SETD7, SVIP, PPP2R4, SNX33, PERP, IGFBP3, LRP4, DUSP7, RNF40, DUSP6 
GO:0045646~regulation of erythrocyte 
differentiation 
7 0.500357398 0.041294221 RBFOX2, ID2, ETS1, KLF13, MAPK14, GAS2L1, CDK6 2.708526709 1 0.429822729 56.70312524 
GO:0035107~appendage morphogenesis 19 1.358112938 0.041517717 FRAS1, FGFR2, MEGF8, FGFR1, IMPAD1, FGF9, SOX11, TBX4, DICER1, SMAD4, HOXD9, NOTCH2, BAK1, TMEM231, ECE1, FBXW4, ASPH, BMPR1B, LRP4 1.638635349 1 0.431023382 56.90304026 
GO:0035108~limb morphogenesis 19 1.358112938 0.041517717 FRAS1, FGFR2, MEGF8, FGFR1, IMPAD1, FGF9, SOX11, TBX4, DICER1, SMAD4, HOXD9, NOTCH2, BAK1, TMEM231, ECE1, FBXW4, ASPH, BMPR1B, LRP4 1.638635349 1 0.431023382 56.90304026 
GO:0071705~nitrogen compound transport 63 4.503216583 0.04173407 
SLC22A13, HMGCR, RBM4, AQP6, REST, GDNF, SLC7A6, ACVR1C, STXBP5L, SLC1A5, RBM8A, IFNG, RASL10B, RBCK1, CDK16, APLN, FLVCR2, PSMD9, MADD, HNRNPA2B1, NRXN1, 
SSTR5, CHRM5, SLC26A6, DGAT1, ARRB1, THOC6, ABAT, SLC38A9, PNPT1, BRSK2, PPM1A, ADRBK1, SLC19A1, MYT1, SEC14L1, LIF, OAZ2, FGB, NUP210, TAP2, DDX19B, ENTPD1, 
SLC28A2, SLC28A1, APBA1, RAB8B, IL1RN, SLC6A15, RAF1, SMAD2, SLC6A17, NXF1, SLC17A7, SH3BP4, P2RX7, PLEKHA8, GPR39, SLC7A1, IKBKG, SLC18A3, SCN4A, SLC46A1 
1.264992137 1 0.432161499 57.09572971 
GO:0001649~osteoblast differentiation 23 1.644031451 0.042047335 CYP24A1, FGFR1, ACHE, FGF9, SOX11, PTH1R, BMPR2, CDK6, EPHA2, CBFB, HDAC5, SMO, MEF2D, ID2, ID1, VEGFA, SP7, SEMA4D, ID3, BMPR1B, IGFBP3, FNDC3B, NFATC1 1.545912964 1 0.434052932 57.37328376 
GO:0033363~secretory granule organization 6 0.42887777 0.042125642 BLOC1S3, CREB1, PVRL2, PAFAH1B1, NBEAL2, SEC23IP 3.067821068 1 0.434098737 57.44239651 
GO:0001573~ganglioside metabolic process 6 0.42887777 0.042125642 ST6GALNAC6, ST8SIA4, NEU1, ST8SIA3, CLN6, B4GALNT1 3.067821068 1 0.434098737 57.44239651 
GO:0051180~vitamin transport 6 0.42887777 0.042125642 SLC23A2, TTPA, SCARB1, STRA6, SLC19A1, SLC46A1 3.067821068 1 0.434098737 57.44239651 
GO:0060058~positive regulation of apoptotic 
process involved in mammary gland involution 3 0.214438885 0.042234178 B4GALT1, VDR, CDKN2A 8.58989899 1 0.434380216 57.53801348 
GO:1903521~positive regulation of mammary 
gland involution 3 0.214438885 0.042234178 B4GALT1, VDR, CDKN2A 8.58989899 1 0.434380216 57.53801348 
GO:1902894~negative regulation of pri-miRNA 
transcription from RNA polymerase II promoter 3 0.214438885 0.042234178 PPARA, SRF, NFIB 8.58989899 1 0.434380216 57.53801348 
GO:1902339~positive regulation of apoptotic 
process involved in morphogenesis 3 0.214438885 0.042234178 B4GALT1, VDR, CDKN2A 8.58989899 1 0.434380216 57.53801348 
GO:1903519~regulation of mammary gland 
involution 3 0.214438885 0.042234178 B4GALT1, VDR, CDKN2A 8.58989899 1 0.434380216 57.53801348 
GO:0098734~macromolecule depalmitoylation 3 0.214438885 0.042234178 PPT2, LYPLA2, PPT1 8.58989899 1 0.434380216 57.53801348 
GO:0045667~regulation of osteoblast 
differentiation 
15 1.072194425 0.042480547 FGFR1, ESRRA, SOX11, BMPR2, CDK6, HDAC5, ID2, ID1, VEGFA, ID3, SEMA4D, BMPR1B, FNDC3B, APC, NFATC1 1.774772519 1 0.435732331 57.7543014 
GO:0032147~activation of protein kinase activity 26 1.858470336 0.042537013 DRD4, ITGB3, CALCA, ERCC6, MAP3K3, MAP3K1, MAP3K9, TRAF6, MAP2K7, EPO, ADAM9, LAMTOR3, MADD, TAOK1, RAF1, MUL1, IL6R, TP73, P2RX7, ARRB1, VEGFA, IKBKG, 
MAP3K10, ABL1, MAP3K13, MAP3K11 
1.494895407 1 0.435605714 57.80372552 
GO:0042698~ovulation cycle 18 1.28663331 0.042580842 SGPL1, ERMP1, ERBB2, SMAD4, ADRBK1, MMP2, ACVR1C, ARRB1, ETS1, BCL2, VEGFA, ADAMTS1, BMPR1B, DMC1, LFNG, CASP2, NCOR2, EIF2B5 1.662561095 1 0.435381647 57.84205049 
GO:0035335~peptidyl-tyrosine 
dephosphorylation 
13 0.929235168 0.042655171 PTPRB, MTMR3, PGP, DUSP3, PTPN18, CDC14B, UBASH3B, EPM2A, MTMR6, PTPRO, DUSP7, CDC25A, DUSP6 1.879944223 1 0.435394218 57.9069707 
GO:0010648~negative regulation of cell 
communication 
96 6.862044317 0.042744965 
LZTS2, LZTS1, HMGCR, FGF9, PHF23, REST, RORA, LRRC15, GDNF, ZNRF3, ACVR1C, STXBP5L, NLRC5, TRIAP1, HIF1AN, SLC24A2, LEPROT, GPC1, PSMD9, STMN3, MADD, SLA2, TP53, 
PADI2, UBR2, SOCS4, BCL2L12, PTPRO, THY1, LRPAP1, ANKRD26, GRB10, ARRB1, VEGFA, PRDM1, TNFAIP3, SYVN1, RTN4RL1, MCL1, ENPP1, ERBB3, PKHD1, ABHD6, ONECUT2, 
PPM1A, ADRBK1, BCL2L2, SRF, FEM1A, SEC14L1, CALCA, RASAL2, LIF, RASAL1, AMER2, AKT1S1, FGB, UBASH3B, BCL2, NFATC4, PAFAH1B1, PRKAA2, RASA3, BMF, LFNG, APC, EPO, 
TMBIM6, EPM2A, IL1RN, MUL1, RAF1, ASIC1, TP73, EPHA2, AJUBA, ATXN1, PPIF, SFRP5, SLC35C1, SH3BP4, BFAR, P2RX7, DUSP3, MAPK14, ULK3, IKBKG, IRF1, RGS6, SMURF1, IRF4, 
ABL1, ABL2, LRP4, DUSP7, DUSP6 
1.198242231 1 0.435526167 57.9852703 
GO:0034097~response to cytokine 62 4.431736955 0.042957613 
DUOX1, RORA, LRRC15, MMP2, MBP, GSS, NLRC5, CASP6, BAG4, MYD88, CDKN2B, IFNG, CSF2RB, LEPROT, TNIP2, MAP2K7, ADAM9, LIFR, TP53, PADI2, SOCS4, IL6R, NUMBL, CCR7, 
SLC26A6, CCR5, CCR2, AKAP6, PLA2G5, MAVS, IL22RA1, MCL1, RTN4RL1, PNPT1, CALCOCO2, MAPKAPK2, SRF, CALCA, TNFRSF1B, REL, FGB, BCL2, PPP2CA, IL10RA, PAFAH1B1, 
ENTPD1, TRAF6, EPO, HCN1, MUC2, IL2RB, TCF7, IL1F10, IL1RN, SMAD4, MUL1, STAT3, PSMB9, CXCL13, ETS1, OTUB1, IRF1 
1.266223817 1 0.436603523 58.17014838 
GO:0033157~regulation of intracellular protein 
transport 
36 2.573266619 0.043064425 MAVS, ERBB4, FAM20B, ERBB2, ABLIM3, PPM1A, BAP1, UBAC2, EDEM1, OAZ2, BAG4, CDKN2A, PPP2CA, RBCK1, ASPH, LEPROT, YOD1, SH3TC2, PLAGL2, ZDHHC8, SMAD4, UBE2J1, 
LRRC46, UBE2L3, RPL28, DCTN1, RUFY3, SFRP5, SMO, DTWD2, MAPK14, CEMIP, HHAT, UBL4B, AKAP6, SVIP 
1.385467579 1 0.436863518 58.26271941 
GO:0030029~actin filament-based process 54 3.859899929 0.043097176 
LIMA1, SHTN1, TACR1, MYO7A, RHOQ, BAG4, PACSIN1, LMOD1, PARVG, ARHGEF2, FMNL3, SCN2B, LIMK1, ARHGEF18, ERMN, VANGL2, PROX1, JMY, KRT19, ARRB1, LIMCH1, AKAP6, 
OPHN1, MYO18A, ADD2, SRGAP2, TRIOBP, ABLIM3, GPR65, BRSK2, ITGB3, SRF, CORO2B, CORO2A, BCL2, MAP3K1, WIPF2, PAFAH1B1, IQSEC3, SCN5A, IQSEC2, SYNPO, ABR, 
BAIAP2L1, PCDH15, RUFY3, CORO1C, PPP1R9B, ATXN3, ID1, SCN4B, WDR1, ABL1, ABL2 
1.290635908 1 0.436554959 58.291065 
GO:0051222~positive regulation of protein 
transport 
44 3.145103645 0.043147571 
MAVS, CD244, ERBB4, VTCN1, ABLIM3, FAM20B, ERBB2, PPM1A, BAP1, EDEM1, STXBP5L, OAZ2, FGB, IFNG, RBCK1, ASPH, LEPROT, ADAM9, PSMD9, PLAGL2, CRTAM, TNFSF4, 
ZDHHC8, SMAD4, LRRC46, UBE2L3, RPL28, DCTN1, RUFY3, SMO, P2RX7, CCR5, DTWD2, ARRB1, GPR39, MAPK14, CEMIP, HHAT, ABAT, AKAP6, UBL4B, ABL1, MYO18A, ABL2 
1.334588826 1 0.436382424 58.33464503 
GO:0006066~alcohol metabolic process 30 2.144388849 0.043259102 
CYP24A1, FGFR1, ACHE, CD244, IMPAD1, SORD, HMGCR, CYP11B2, PTH1R, PHKA1, ABHD3, REST, SEC14L2, VDR, PGP, ALDH1A3, IFNG, SCARB1, PRKAA2, SARDH, IPMK, LIPA, TNFSF4, 
ACER2, PCTP, DGAT1, DPM2, MVK, PLA2G5, CLN6 
1.44125822 1 0.43667778 58.43094056 
GO:0070585~protein localization to 
mitochondrion 
18 1.28663331 0.044817231 FAM20B, ZDHHC8, ABLIM3, TIMM17B, LRRC46, HK2, BAP1, TOMM40, UBE2L3, RPL28, BAG4, CDKN2A, BBC3, DTWD2, HHAT, UBL4B, LEPROT, PLAGL2 1.651903652 1 0.44790302 59.7543195 
GO:0007612~learning 18 1.28663331 0.044817231 SLC8A2, HMGCR, TACR1, CREB1, EPM2A, DRD4, GRIN2A, PPT1, ASIC1, NRXN1, SRF, ATXN1, PPP1R9B, BTG2, SLC24A2, STRA6, ABL1, ABL2 1.651903652 1 0.44790302 59.7543195 
GO:0071417~cellular response to organonitrogen 
compound 
49 3.502501787 0.045090087 
FGFR1, ENPP1, SLC38A9, CPEB3, ERBB3, CYP11B2, RBM4, RHOQ, ITGB3, MMP2, PPAT, EIF4EBP1, NOD1, PPP2CA, PRKAA2, LEPROT, HCN4, HCN3, MTUS1, ACSL6, HCN1, PDK2, 
ARHGEF2, ESRRA, LAMTOR3, BAIAP2L1, CREB1, IL1RN, TP53, GRIN2A, UBR2, SEPN1, SIRT2, STAT3, SSTR5, PPP1R9B, P2RX4, SH3BP4, ANKRD26, YWHAG, UGT2B17, SLC26A6, GRB10, 
SSTR3, ID1, RASGRF1, IRF1, AKAP6, KLF3 
1.308784361 1 0.449377506 59.98191059 
GO:0042692~muscle cell differentiation 37 2.644746247 0.045718985 
FGFR2, HMGCR, DICER1, RBM4, REST, RORA, NEO1, SRF, NMRK2, HIF1AN, SPEG, BCL2, KLHL40, HINFP, NFATC4, MBNL3, LMOD1, EHD1, RBM24, ALPK3, FLOT2, SEPN1, PROX1, 
HDAC5, SMO, KRT19, MAPK12, MAPK14, VEGFA, SEMA4C, SORT1, AKAP6, RBM38, BIN3, WDR1, ID3, IGFBP3 
1.372306833 1 0.453482039 60.5018326 
GO:0034103~regulation of tissue remodeling 10 0.714796283 0.045970951 B4GALT1, CALCA, VDR, P2RX7, CDKN2A, ABR, UBASH3B, VEGFA, TP53, ITGB3 2.105367399 1 0.454775196 60.70833237 
GO:0072431~signal transduction involved in 
mitotic G1 DNA damage checkpoint 
4 0.285918513 0.046384511 PPP2R5C, TP53, RBM38, CASP2 4.772166105 1 0.457245937 61.04504637 
GO:1902400~intracellular signal transduction 
involved in G1 DNA damage checkpoint 
4 0.285918513 0.046384511 PPP2R5C, TP53, RBM38, CASP2 4.772166105 1 0.457245937 61.04504637 
GO:0070935~3'-UTR-mediated mRNA 
stabilization 
4 0.285918513 0.046384511 MYD88, ELAVL1, RBM38, MAPKAPK2 4.772166105 1 0.457245937 61.04504637 
GO:1904293~negative regulation of ERAD 
pathway 
4 0.285918513 0.046384511 UBE2J1, SVIP, YOD1, UBAC2 4.772166105 1 0.457245937 61.04504637 
GO:0051181~cofactor transport 5 0.357398142 0.046596488 P2RX7, PPT1, SLC19A1, SLC46A1, FLVCR2 3.579124579 1 0.4582289 61.21657082 
GO:0033033~negative regulation of myeloid cell 5 0.357398142 0.046596488 ST6GAL1, CCR5, BCL2, ITPKB, EPO 3.579124579 1 0.4582289 61.21657082 
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apoptotic process 
GO:0007010~cytoskeleton organization 89 6.361686919 0.046989372 
RP1, LIMA1, LZTS2, KIF24, SHTN1, TACR1, DICER1, UVRAG, RHOQ, PIP5K1C, BAG4, PACSIN1, VPS4B, CNTNAP1, LMOD1, FAM83H, PARVG, CEP85, FMNL3, ARHGEF2, STMN3, LIMK1, 
ARHGEF18, SGOL1, VANGL2, ERMN, BSN, CAMSAP3, NRXN1, PROX1, CHAMP1, DCTN1, TACC2, JMY, THY1, SS18, KRT19, BRWD1, ARRB1, CGN, LIMCH1, OPHN1, CLIP2, MYO18A, 
ADD2, SRGAP2, TRIOBP, PKHD1, ABLIM3, BRSK2, GPR65, ITGB3, SRF, NCKAP5L, CORO2B, CORO2A, BCL2, MAP3K1, PVRL2, WIPF2, PAFAH1B1, IQSEC3, APC, SYNPO, PSTPIP2, IQSEC2, 
ABR, NIN, ZMYM3, BAIAP2L1, RAF1, PCDH15, SUN1, RUFY3, SIRT2, CORO1C, PPP1R9B, ATXN3, P2RX7, ID1, FLG, CEP68, GAS2L1, PPP2R4, MAP6, WDR1, ABL1, RBM14, ABL2 
1.204317911 1 0.460521717 61.53258464 
GO:0014855~striated muscle cell proliferation 9 0.643316655 0.047222254 FGFR2, FGFR1, ERBB4, FGF9, MAPK14, SIX5, SEPN1, STAT3, TP73 2.221525601 1 0.46164208 61.71874534 
GO:0030641~regulation of cellular pH 9 0.643316655 0.047222254 SLC17A7, SLC26A6, SLC4A10, BCL2, SLC26A9, TP53, TTPA, PPT1, CLN6 2.221525601 1 0.46164208 61.71874534 
GO:0090183~regulation of kidney development 9 0.643316655 0.047222254 LIF, SMO, RET, FAT4, IFNG, VEGFA, ITGB3, LIN28A, GDNF 2.221525601 1 0.46164208 61.71874534 
GO:0007528~neuromuscular junction 
development 8 0.571837026 0.047544965 CALCA, FGFR2, ERBB2, CACNB1, CACNB2, CACNB3, CACNG2, LRP4 2.386083053 1 0.463403834 61.97530038 
GO:0006687~glycosphingolipid metabolic 
process 8 0.571837026 0.047544965 ST6GALNAC6, ST8SIA4, NEU1, ST8SIA3, PSAPL1, B4GALT6, CLN6, B4GALNT1 2.386083053 1 0.463403834 61.97530038 
GO:0097202~activation of cysteine-type 
endopeptidase activity 11 0.786275911 0.047568554 COL4A3, BAK1, RET, CDKN2A, NOD1, BBC3, ACER2, CYFIP2, MUL1, ASPH, PERP 1.993436474 1 0.463007074 61.99398984 
GO:2001056~positive regulation of cysteine-type 
endopeptidase activity 15 1.072194425 0.047706464 COL4A3, RET, ACER2, MUL1, REST, ACVR1C, BAK1, NOD1, CDKN2A, BBC3, ARRB1, PPP2CA, CYFIP2, ASPH, PERP 1.745914429 1 0.463432317 62.10307788 
GO:0016358~dendrite development 24 1.715511079 0.047939049 
RBFOX2, ACHE, LZTS1, CPEB3, CRTC1, CYTH2, CELSR2, NUMBL, PPP1R9B, PACSIN1, FBXW8, SARM1, BHLHB9, GORASP1, ID1, NFATC4, PAFAH1B1, SEMA4D, MAP6, ABL1, ABL2, 
DCLK1, LRP4, SRGAP2 1.506999823 1 0.464533355 62.2863825 
GO:0043583~ear development 25 1.786990708 0.047954337 
MAF, FGFR2, DVL3, FGFR1, PHOX2B, ABR, FGF9, MYO7A, EFNA2, DICER1, VANGL2, LRTOMT, PCDH15, MAPKAPK2, PROX1, DDR1, ECE1, FAT4, BCL2, ALDH1A3, MYO15A, PAFAH1B1, 
STRA6, SLITRK6, CHRNA10 1.491301908 1 0.464078287 62.29840176 
GO:0060071~Wnt signaling pathway, planar cell 
polarity pathway 6 0.42887777 0.048086065 SFRP5, DVL3, VANGL2, ABL1, ABL2, ZNRF3 2.962034134 1 0.46445507 62.40181369 
GO:0070997~neuron death 33 2.358827734 0.048315953 
PPARA, ACHE, MCL1, ERBB3, ELK1, PPT1, NEO1, GDNF, KCNIP3, CASP6, AKT1S1, REL, BHLHB9, BCL2, CASP7, CASP2, MAP2K7, EPO, NTF4, NOS1AP, CREB1, TP53, DPYSL4, LIG4, 
AMBRA1, TP73, STAT3, CCR5, BTG2, BBC3, VEGFA, ABL1, MAP3K11 1.397764629 1 0.465528259 62.58164095 
GO:0045860~positive regulation of protein kinase 
activity 39 2.787705504 0.04878719 
FGFR1, ERBB3, ERBB2, DRD4, ITGB3, CALCA, DIRAS1, ERCC6, MAP3K3, MAP3K1, MAP3K9, PPP2CA, TRAF6, MAP2K7, ADAM9, EPO, SASH1, DVL3, LAMTOR3, MADD, TAOK1, IL1RN, 
VANGL2, RAF1, MUL1, IL6R, PROX1, TP73, AJUBA, P2RX7, ARRB1, VEGFA, IKBKG, CEMIP, MAP3K10, AKAP6, ABL1, MAP3K13, MAP3K11 1.351921149 1 0.468302375 62.94771053 
GO:0007369~gastrulation 20 1.429592566 0.048797364 FGFR2, MEGF8, FGFR1, IL1RN, VANGL2, TP53, BMPR2, SMAD4, SMAD2, ITGB3, SRF, MMP2, EPHA2, CRB2, ITGA7, DLD, TXNRD1, POFUT2, ATOH8, DUSP6 1.581933516 1 0.46781126 62.95557572 
GO:0042886~amide transport 33 2.358827734 0.049474554 
HMGCR, RBM4, PPM1A, BRSK2, REST, SLC19A1, MYT1, ACVR1C, STXBP5L, LIF, FGB, TAP2, IFNG, RASL10B, RBCK1, CDK16, APLN, PSMD9, RAB8B, MADD, IL1RN, RAF1, SMAD2, 
NRXN1, SSTR5, SLC26A6, DGAT1, PLEKHA8, ARRB1, GPR39, IKBKG, ABAT, SLC46A1 
1.393641429 1 0.472003979 63.47557963 
GO:0031400~negative regulation of protein 
modification process 
53 3.7884203 0.049558707 
HMGCR, LRRC15, BAG4, BAK1, CDKN2A, CDKN2B, CTDSP2, ZFYVE1, PPP1R37, CEP85, LIMK1, SOCS4, CAMSAP3, UBN1, RNF222, THY1, ANKRD26, ARFGEF3, ARRB1, SEMA4D, 
TNFAIP3, RTN4RL1, ENPP1, ELL, FEM1A, SH3BP5L, LIF, AKT1S1, UBASH3B, PPP2CA, KLHL40, PAFAH1B1, APC, JARID2, ACER2, MYO1D, SIRT2, TP73, SFRP5, CORO1C, PPP1R9B, P2RX7, 
DUSP3, CSRNP3, OTUB1, IRF1, KDM4B, PPP2R4, DNAJB2, ABL1, IGFBP3, DUSP7, DUSP6 
1.283882252 1 0.472028438 63.53971276 
GO:0035914~skeletal muscle cell differentiation 10 0.714796283 0.049737246 PLAGL1, PHOX2B, MEF2D, BTG2, SOX11, KLHL40, VAX1, SEPN1, MED20, GPC1 2.074854828 1 0.472710275 63.67542446 
GO:0071902~positive regulation of protein 
serine/threonine kinase activity 
26 1.858470336 0.049756751 
FGFR1, ERBB2, DRD4, DIRAS1, ERCC6, MAP3K1, PPP2CA, TRAF6, MAP2K7, SASH1, DVL3, MADD, VANGL2, IL1RN, MUL1, PROX1, TP73, AJUBA, P2RX7, ARRB1, IKBKG, VEGFA, CEMIP, 
MAP3K10, AKAP6, MAP3K11 
1.471260697 1 0.472284147 63.69022193 
GO:1901653~cellular response to peptide 30 2.144388849 0.049848689 
ENPP1, ERBB3, CYP11B2, RBM4, RHOQ, ITGB3, PPAT, EIF4EBP1, NOD1, PPP2CA, LEPROT, ACSL6, MTUS1, PDK2, ARHGEF2, ESRRA, BAIAP2L1, CREB1, STAT3, SSTR5, ANKRD26, 
PPP1R9B, UGT2B17, GRB10, YWHAG, SSTR3, RASGRF1, ID1, IRF1, KLF3 
1.422168707 1 0.47236224 63.75989203 
GO:2001235~positive regulation of apoptotic 
signaling pathway 
19 1.358112938 0.05042639 PPP2R1B, RET, BCL2L14, PDIA3, MCL1, TP53, TP73, PPIF, BAK1, PPP1CA, BBC3, TRPS1, RBCK1, NFATC4, BMPR1B, CASP2, BMF, PLAGL2, TP53INP1 1.600079224 1 0.475797305 64.19477268 
GO:1901615~organic hydroxy compound 
metabolic process 
42 3.002144389 0.050515729 
FGFR1, CYP24A1, ACHE, CD244, IMPAD1, SORD, HMGCR, CYP11B2, DRD4, PTH1R, PHKA1, DUOX1, TTPA, ABHD3, REST, SEC14L2, VDR, PGP, BCL2, ALDH1A3, IFNG, SCARB1, PRKAA2, 
SARDH, IPMK, LIPA, TNFSF4, ACER2, PCTP, GRIN2A, TP53, LRTOMT, PROX1, BTBD9, DGAT1, DIO3, TMLHE, ABAT, DPM2, MVK, PLA2G5, CLN6 
1.330294091 1 0.475851388 64.26158097 
GO:0007568~aging 39 2.787705504 0.050558961 
HMGCR, PTH1R, PNPT1, CRCP, ADRBK1, MMP2, SRF, MBP, GSS, CALCA, VDR, BAK1, TNFRSF1B, CDKN2A, CDKN2B, BCL2, CASP7, CASP2, EIF2B5, EPO, HCN1, CYP1A1, CREB1, TP53, 
CDK6, MBD1, FURIN, BCL2L12, STAT3, PPP1R9B, CCR5, ID2, BBC3, MAPK14, DLD, VEGFA, ABAT, ABL1, IGFBP3 
1.348655639 1 0.4755886 64.29386813 
GO:0048878~chemical homeostasis 86 6.147248034 0.05071729 
HMGCR, TACR1, CYP11B2, RBM4, TTPA, ANPEP, RORA, STXBP5L, BAK1, ATP2B3, CDKN2A, SLC24A2, ASPH, SLC4A4, TMPRSS13, SCN2B, STC2, TTC7A, ACADS, TP53, BTBD9, THY1, 
SSTR5, ANKRD26, SLC26A6, DGAT1, CCR5, ARRB1, SLC26A9, CCR2, VEGFA, CEMIP, AKAP6, CLN6, ERBB4, ENPP1, PKHD1, SLC39A13, KCNA1, PTH1R, HK2, PPT1, NEO1, ITGB3, MYT1, 
SRF, HSH2D, CALCA, FAM65B, VDR, UBASH3B, BCL2, PPP2CA, TAP2, SCARB1, PRKAA2, RASA3, HCN4, EHD1, SCN5A, SLC31A1, TMEM79, EPO, HCN1, PDK2, SLC8A2, TMBIM6, SCD, 
PDK3, SMAD4, RAF1, APPL1, STAT3, SLC17A7, P2RX4, P2RX7, SLC4A10, CXCL13, FLG, BBC3, GPR39, ABL1, ABL2, SCARA5, CHRNA10, NCOR2 
1.203537493 1 0.476116062 64.41187593 
GO:0001736~establishment of planar polarity 7 0.500357398 0.0515709 SFRP5, DVL3, VANGL2, PAFAH1B1, ABL1, ABL2, ZNRF3 2.569627903 1 0.481375747 65.04174413 
GO:0051235~maintenance of location 25 1.786990708 0.051880334 PPARA, ENPP1, TAF8, HK2, UVRAG, PIP5K1C, ITGB3, ACACB, SUN1, THY1, ACVR1C, SLC17A7, P2RX7, DGAT1, CCR5, BBC3, GPR39, CEMIP, AKAP6, SCARB1, EHD1, RASA3, ABL1, LDAH, 
B4GALNT1 
1.478977099 1 0.482908525 65.26744672 
GO:0046328~regulation of JNK cascade 18 1.28663331 0.052026949 DVL3, SASH1, TAOK1, IL1RN, VANGL2, MUL1, TP73, SFRP5, DUSP3, MYD88, NOD1, ERCC6, MAP3K1, MAP3K10, PAFAH1B1, TRAF6, MAP2K7, MAP3K11 1.620735658 1 0.483336715 65.37390385 
GO:0001932~regulation of protein 
phosphorylation 
106 7.5768406 0.052882215 
HMGCR, ITPKB, BAK1, DIRAS1, MYD88, CDKN2A, CDKN2B, MAP3K9, IFNG, PELI2, CTDSP2, MAP2K7, ADAM9, CEP85, RET, MADD, VANGL2, SOCS4, PROX1, THY1, ARRB1, CCR2, 
VEGFA, AKAP6, TNFAIP3, FGFR2, MAVS, FGFR1, TNFAIP8L3, ERBB4, ENPP1, PKHD1, ERBB3, ERBB2, DRD4, BMPR2, AKAP13, ITGB3, LIF, SH3BP5L, AKT1S1, ECE1, FGB, UBASH3B, 
TRAF6, SASH1, DVL3, LAMTOR3, TAOK1, IL1RN, SMAD4, MUL1, EPHA2, CORO1C, SFRP5, P2RX7, EPHA8, IKBKG, ABL1, ABL2, FGF9, DICER1, UVRAG, LRRC15, BAG4, NOD1, ARHGEF2, 
TP53, IL6R, ANKRD26, KSR2, MAP3K10, CEMIP, SEMA4C, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FFAR4, RTN4RL1, FEM1A, TRIB2, CALCA, TNFRSF1B, ERCC6, MAP3K3, BCL2, 
MAP3K1, PPP2CA, PAFAH1B1, YES1, EPO, APC, RAF1, TP73, SIRT2, AJUBA, PPP1R9B, DUSP3, ID1, IRF1, GDF11, IGFBP3, LRP4, DUSP7, DUSP6 
1.175483208 1 0.488505776 65.98876586 
GO:0006974~cellular response to DNA damage 
stimulus 
55 3.931379557 0.053252438 
BACH1, ARMT1, PPP2R5C, UVRAG, SPRTN, ZBTB38, TRIAP1, BAK1, CDKN2A, INTS7, AEN, TLK2, CASP2, AP5Z1, NUDT16, BRCC3, SWSAP1, TP53, LIG4, BCL2L12, FOXN3, DCLRE1C, 
FAAP100, BTG2, SUSD6, UBE2W, RBM38, DMC1, MCL1, BRSK2, BCL2L2, MAPKAPK2, TNFRSF1B, ERCC6, MDC1, BCL2, HINFP, RNF168, NFATC4, FBXO45, APC, VAV3, TAOK1, CEBPG, 
SUV39H1, EXO5, EPHA2, TP73, OTUB1, BBC3, MAPK14, IKBKG, TDG, SETD7, ABL1 
1.270011947 1 0.490404584 66.25169625 
GO:0016202~regulation of striated muscle tissue 
development 15 1.072194425 0.05336421 FGFR2, FGFR1, ERBB4, FGF9, HMGCR, ERBB3, USP2, CREB1, TP73, SIRT2, HDAC5, MAPK14, BCL2, AKAP6, GPC1 1.717979798 1 0.490583194 66.33069555 
GO:1901701~cellular response to oxygen-
containing compound 
87 6.218727663 0.053766936 
CDK19, PDIA3, CPEB3, HMGCR, CYP11B2, RBM4, RHOQ, RORA, GDNF, MMP2, EIF4EBP1, MYD88, NOD1, CDKN2A, IFNG, LEPROT, TNIP2, MAP2K7, MTUS1, ADAM9, ARHGEF2, RET, 
GRIN2A, UBR2, SSTR5, SMO, ANKRD26, SLC26A6, GRB10, UGT2B17, SSTR3, CCR5, ARRB1, RASGRF1, VEGFA, AKAP6, ADAMTS1, PRDM1, TNFAIP3, CD300LB, SLC38A9, ENPP1, ERBB3, 
ELK1, ITGB3, SRF, PPAT, VDR, TNFRSF1B, PPP2CA, SCARB1, PRKAA2, YES1, TRAF6, ENTPD1, HCN4, HCN3, ACSL6, HCN1, PDK2, SASH1, LAMTOR3, ESRRA, TNFSF4, BAIAP2L1, CREB1, 
PDK3, IL1RN, RAF1, STAT3, SIRT2, PPIF, HDAC5, PPP1R9B, SH3BP4, P2RX4, YWHAG, ETS1, ID1, GPR39, MAPK14, IRF1, ID3, ABL1, ABL2, KLF3, TP53INP1 
1.198782823 1 0.492680021 66.61388575 
GO:0009306~protein secretion 43 3.073624017 0.053819846 
CD244, FFAR4, VTCN1, HMGCR, DRD4, RBM4, BRSK2, REST, NEO1, MYT1, STXBP5L, ACVR1C, FGB, BLOC1S3, IFNG, POU2F2, PAFAH1B1, TRAF6, CDK16, ADAM9, PSMD9, CRTAM, 
RAB8B, TNFSF4, MADD, TMBIM6, IL1RN, RAF1, SMAD2, NRXN1, SSTR5, NOTCH2, P2RX7, CCR7, DGAT1, CCR5, ARRB1, GPR39, MAPK14, ABAT, ABL1, ABL2, MYO18A 1.318221472 1 0.492467035 66.65092256 
GO:0010906~regulation of glucose metabolic 14 1.000714796 0.054298956 PDK2, PPARA, COX11, ENPP1, PDK3, WDR5, TP53, ACACB, RORA, PPP1CA, PGP, GRB10, MLYCD, IGFBP3 1.75816646 1 0.495046946 66.98452703 
 277 
process 
GO:0060045~positive regulation of cardiac 
muscle cell proliferation 
5 0.357398142 0.054492336 FGFR2, FGFR1, ERBB4, FGF9, MAPK14 3.408690075 1 0.495748157 67.1182777 
GO:0002335~mature B cell differentiation 5 0.357398142 0.054492336 NOTCH2, POU2F2, LFNG, NKX2-3, NFATC1 3.408690075 1 0.495748157 67.1182777 
GO:0090175~regulation of establishment of 
planar polarity 6 0.42887777 0.054518828 SFRP5, DVL3, VANGL2, ABL1, ABL2, ZNRF3 2.863299663 1 0.495360805 67.13656063 
GO:0055023~positive regulation of cardiac 
muscle tissue growth 6 0.42887777 0.054518828 FGFR2, FGFR1, ERBB4, FGF9, MAPK14, AKAP6 2.863299663 1 0.495360805 67.13656063 
GO:0031069~hair follicle morphogenesis 6 0.42887777 0.054518828 FGFR2, SMO, FOXQ1, BCL2, DICER1, TMEM79 2.863299663 1 0.495360805 67.13656063 
GO:0010821~regulation of mitochondrion 
organization 
31 2.215868477 0.054816581 FAM20B, ABLIM3, HK2, BAP1, BAG4, BAK1, TRIAP1, CDKN2A, GMIP, LSM4, LEPROT, BMF, PLAGL2, HAPLN1, PHYHIP, ZDHHC8, LRRC46, TP53, MUL1, AMBRA1, UBE2L3, RPL28, 
FAM131B, PPIF, SLC35C1, DTWD2, BBC3, IST1, HHAT, UBL4B, SMURF1 
1.400036113 1 0.496736379 67.34138661 
GO:0018205~peptidyl-lysine modification 31 2.215868477 0.054816581 METTL21A, PHF20, LIF, TAF5L, JADE2, BRPF1, AHRR, CDKN2A, BRPF3, BAZ2A, KMT5C, KANSL2, JARID2, WDR5, TADA2B, SUV39H1, SMAD4, SIRT5, MUL1, UBE2I, TET2, RNF222, 
SIRT2, HDAC5, ARRB1, MSL1, NAA60, KDM4B, SETD6, SETD7, IRF4 
1.400036113 1 0.496736379 67.34138661 
GO:0007006~mitochondrial membrane 
organization 
11 0.786275911 0.054836766 PPIF, BAK1, LETM1, BBC3, BCL2, TAZ, TP53, NAIF1, HK2, RHOT2, STAT3 1.944215821 1 0.496308633 67.35522827 
GO:0048872~homeostasis of number of cells 27 1.929949964 0.054923211 
ITPKB, SRF, BAK1, BCL2, IFNG, EPO, NKX2-3, RBFOX2, LIPA, KLF13, CEBPG, PIK3CD, TET2, SMO, P2RX7, CCR7, SP1, ID2, ETS1, SP3, MAPK14, IKBKG, VEGFA, GAS2L1, TNFAIP3, ABL1, 
SLC46A2 
1.442333786 1 0.496310791 67.41444258 
GO:0046620~regulation of organ growth 12 0.85775554 0.055173558 FGFR2, ANKRD26, FGFR1, SMO, ERBB4, FGF9, MAPK14, AKAP6, ACACB, PROX1, TP73, DUSP6 1.867369346 1 0.497370863 67.58535545 
GO:0023057~negative regulation of signaling 94 6.719085061 0.055359425 
LZTS2, HMGCR, FGF9, REST, RORA, LRRC15, GDNF, ZNRF3, ACVR1C, STXBP5L, NLRC5, TRIAP1, HIF1AN, SLC24A2, LEPROT, GPC1, PSMD9, STMN3, MADD, SLA2, TP53, PADI2, UBR2, 
SOCS4, BCL2L12, PTPRO, THY1, LRPAP1, ANKRD26, GRB10, ARRB1, VEGFA, PRDM1, TNFAIP3, SYVN1, RTN4RL1, MCL1, ENPP1, ERBB3, PKHD1, ABHD6, ONECUT2, PPM1A, ADRBK1, 
BCL2L2, SRF, FEM1A, SEC14L1, CALCA, RASAL2, LIF, RASAL1, AMER2, AKT1S1, FGB, UBASH3B, BCL2, NFATC4, PAFAH1B1, PRKAA2, RASA3, BMF, LFNG, APC, EPO, TMBIM6, EPM2A, 
IL1RN, MUL1, RAF1, ASIC1, TP73, EPHA2, AJUBA, ATXN1, PPIF, SFRP5, SLC35C1, SH3BP4, BFAR, DUSP3, P2RX7, MAPK14, ULK3, IKBKG, IRF1, RGS6, SMURF1, IRF4, ABL1, ABL2, LRP4, 
DUSP7, DUSP6 
1.187776559 1 0.498011231 67.71169603 
GO:0060443~mammary gland morphogenesis 9 0.643316655 0.055881606 B4GALT1, FGFR2, VDR, DDR1, CDKN2A, NRG3, ERBB3, ERBB2, EPHA2 2.147474747 1 0.500801668 68.06414516 
GO:0048286~lung alveolus development 9 0.643316655 0.055881606 LIF, ATXN1, FGFR2, CREB1, VEGFA, BMPR2, STRA6, ATXN1L, SEPN1 2.147474747 1 0.500801668 68.06414516 
GO:0042108~positive regulation of cytokine 
biosynthetic process 
9 0.643316655 0.055881606 MYD88, REL, CEBPG, CCR2, IFNG, IRF1, IRF4, MAPKAPK2, TRAF6 2.147474747 1 0.500801668 68.06414516 
GO:0060485~mesenchyme development 24 1.715511079 0.056248808 
FGFR2, PHOX2B, FGFR1, RET, ERBB4, FGF9, ERBB3, SOX11, DICER1, SMAD4, SMAD2, REST, TRIM62, GDNF, CORO1C, SMO, SEMA4F, CRB2, BCL2, PPP2CA, SEMA4C, SEMA4B, 
SEMA4D, NFATC1 
1.481017067 1 0.502585142 68.30979893 
GO:0051924~regulation of calcium ion transport 24 1.715511079 0.056248808 
STC2, NOS1AP, FGF14, DRD4, CACNB1, CACNB2, CACNB3, ITGB3, THY1, CALCA, VDR, BAK1, P2RX4, P2RX7, UBASH3B, GPR39, PPP2CA, BCL2, CEMIP, AKAP6, ASPH, ABL1, CACNA1B, 
EPO 
1.481017067 1 0.502585142 68.30979893 
GO:0016568~chromatin modification 48 3.431022159 0.057155184 
BAP1, PHF20, REST, CBX7, LIF, JADE2, BRPF1, TAF5L, CDKN2A, BRPF3, SMARCD2, RNF168, ACTR8, PRKAA2, BAZ2A, BRCC3, KMT5C, JARID2, KANSL2, WDR5, TADA2B, SUV39H1, 
SMAD4, TP53, RYBP, PADI2, UBR2, SIRT7, TET2, MBD1, SIRT2, ATXN7L3, PAGR1, HDAC5, ATXN3, BRMS1, OTUB1, ARRB1, TRPS1, MSL1, VEGFA, NAA60, KDM4B, SETD6, SETD7, IRF4, 
RBM14, RNF40 
1.289290655 1 0.507758267 68.90849572 
GO:0051057~positive regulation of small GTPase 
mediated signal transduction 7 0.500357398 0.057243635 NOTCH2, RASGRF1, ARRB1, ERBB2, RASGEF1A, ITPKB, EPO 2.505387205 1 0.50775621 68.96634288 
GO:0007164~establishment of tissue polarity 7 0.500357398 0.057243635 SFRP5, DVL3, VANGL2, PAFAH1B1, ABL1, ABL2, ZNRF3 2.505387205 1 0.50775621 68.96634288 
GO:0036065~fucosylation 4 0.285918513 0.057258814 FUT7, FUT4, FUT1, POFUT2 4.405076405 1 0.50729469 68.97625961 
GO:0043123~positive regulation of I-kappaB 
kinase/NF-kappaB signaling 18 1.28663331 0.057262751 MAVS, SLC44A2, PPM1A, MUL1, UBE2I, TRIM62, AJUBA, MYD88, NOD1, MAP3K3, REL, IKBKG, RBCK1, TMEM101, ABL1, TRAF6, TNIP2, ABL2 1.600602296 1 0.506763713 68.9788307 
GO:0046330~positive regulation of JNK cascade 14 1.000714796 0.057491917 DVL3, SASH1, TAOK1, VANGL2, IL1RN, MUL1, MYD88, NOD1, ERCC6, MAP3K1, MAP3K10, TRAF6, MAP2K7, MAP3K11 1.742878056 1 0.50764367 69.1281728 
GO:0001508~action potential 14 1.000714796 0.057491917 HCN1, P2RX4, P2RX7, SCN2B, NOS1AP, TACR1, IFNG, KCNA1, GRIN2A, SCN4B, HCN4, SCN5A, SCN4A, CACNA1B 1.742878056 1 0.50764367 69.1281728 
GO:0009408~response to heat 14 1.000714796 0.057491917 TACR1, TP53, CALCA, CASP6, ATXN3, BCL2, IRF1, HSPB2, RASA3, DNAJA4, MAP2K7, SCARA5, TP53INP1, EIF2B5 1.742878056 1 0.50764367 69.1281728 
GO:0016192~vesicle-mediated transport 94 6.719085061 0.057705258 
TGOLN2, ATL2, HIP1R, FGF14, MYO7A, SYT2, UVRAG, VPS37B, PIP5K1C, REST, ITSN2, VPS33A, STXBP5L, PLCB3, PACSIN1, GAB2, TRIM9, ANKRD50, IFNG, GP2, VPS4B, RAB6B, CDK16, 
SAR1B, GOLGA5, TMPRSS13, ANO6, HHIPL1, STX6, ARHGAP27, PIGR, NRXN1, BTBD9, DCTN1, MIB1, SGSM2, ARRB1, CCR2, ARCN1, VEGFA, OPHN1, SORT1, BIN2, PROS1, MYO18A, 
TNFAIP2, SNAP29, FGFR2, SNX18, ACHE, RAB3D, ENPP1, COPZ1, BRSK2, CDC42SE1, ADRBK1, PPT1, MAPKAPK2, CBLL1, SCARF2, CALCA, RAB43, FGB, BLOC1S3, STX18, WIPF2, SSC4D, 
SCARB1, EHD1, APBA1, TMEM79, GPR107, B4GALT1, RAB8B, VAV3, ABR, SNX27, CD5L, TMED9, TMPRSS4, MICALL1, SH3BP4, P2RX7, RABEP2, ARF3, RAB22A, SNX32, SNX33, ABL1, 
LRP3, GGA2, SCARA5, ABL2, LRP4 
1.185683561 1 0.508420984 69.26658734 
GO:0001707~mesoderm formation 10 0.714796283 0.057865393 FGFR2, FGFR1, CRB2, BMPR2, TXNRD1, SMAD2, POFUT2, ITGB3, SRF, EPHA2 2.016408214 1 0.508864164 69.37009534 
GO:0048167~regulation of synaptic plasticity 19 1.358112938 0.057939569 SLC8A2, NTF4, LZTS1, FGF14, CPEB3, CRTC1, CREB1, ABHD6, GRIN2A, BCAN, PPT1, SRF, SHISA6, LNPEP, YWHAG, RASGRF2, RASGRF1, SLC24A2, NFATC4 1.572332185 1 0.508772145 69.41792848 
GO:0071478~cellular response to radiation 16 1.143674053 0.05794729 RP1, TP53, ELK1, CDC25A, TP73, PPP1R9B, TRIAP1, BAK1, BBC3, MAPK14, INTS7, NFATC4, RNF168, TLK2, TP53INP1, RS1 1.659883863 1 0.508268122 69.42290354 
GO:0042327~positive regulation of 
phosphorylation 77 5.50393138 0.057979968 
FGF9, HMGCR, BAG4, DIRAS1, MYD88, NOD1, MAP3K9, IFNG, PELI2, MAP2K7, APLN, ADAM9, ARHGEF2, RET, MADD, VANGL2, TP53, IL6R, PROX1, THY1, GRB10, KSR2, ARRB1, 
VEGFA, CCR2, CEMIP, MAP3K10, SEMA4C, AKAP6, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FGFR2, MAVS, TNFAIP8L3, FGFR1, ERBB4, FFAR4, ERBB3, ERBB2, DRD4, BMPR2, ITGB3, 
CALCA, LIF, TNFRSF1B, ERCC6, MAP3K3, FGB, BCL2, PPP2CA, MAP3K1, PRKAA2, YES1, TRAF6, EPO, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, IL1RN, SMAD4, MUL1, RAF1, AMBRA1, 
TP73, AJUBA, P2RX7, EPHA8, IKBKG, GDF11, ABL1, IGFBP3, ABL2, LRP4 
1.210066268 1 0.507919972 69.44395082 
GO:0051261~protein depolymerization 13 0.929235168 0.05834874 PPP1R9B, LIMA1, ARHGEF2, KIF24, STMN3, VPS4B, GAS2L1, CLIP2, LMOD1, WDR1, NCKAP5L, ADD2, APC 1.78956229 1 0.50965125 69.68051584 
GO:0035023~regulation of Rho protein signal 
transduction 13 0.929235168 0.05834874 PLEKHG2, ARHGEF2, ABR, ARHGEF1, VAV3, ARHGEF39, RASGRF2, ARRB1, RASGRF1, ARHGEF18, AKAP13, ITSN2, ABL2 1.78956229 1 0.50965125 69.68051584 
GO:0007162~negative regulation of cell adhesion 24 1.715511079 0.058476742 
PPARA, TNFSF4, ERBB3, VTCN1, ERBB2, ACER2, PODXL, IL1RN, CBLL1, MMP2, CORO1C, DUSP3, CDKN2A, UBASH3B, ST8SIA4, VEGFA, IRF1, ABAT, SEMA4D, ABL1, ABL2, PLA2G2D, 
ANGPT2, ZC3H12D 1.474660771 1 0.509890665 69.76222125 
GO:0048514~blood vessel morphogenesis 44 3.145103645 0.058891072 
FGFR2, FGFR1, FGF9, DICER1, ANPEP, ITGB3, ENPEP, RORA, MMP2, SRF, GJC1, STARD13, LIF, BAK1, TSPAN12, WARS, AGGF1, CCBE1, ROBO4, STRA6, NFATC4, ANGPT2, B4GALT1, 
PTPRB, COL4A3, SGPL1, SASH1, TBX4, NRXN1, MCAM, PROX1, EPHA2, THY1, HDAC5, HOXB3, SMO, CCR5, ETS1, MAPK14, CCR2, VEGFA, ITGA7, PRDM1, ASB4 1.304194464 1 0.511886999 70.02526125 
GO:0022607~cellular component assembly 181 12.93781272 0.058973578 
RP1, SHTN1, HMGCR, H1FX, TAPBP, IGHMBP2, EIF4EBP1, CDKN2A, BHLHB9, MAT1A, VPS4B, LSM4, DCTPP1, PAN2, VANGL2, TAZ, GRIN2A, BSN, PROX1, PTPRO, THY1, CNGA2, 
KRT19, CBLN2, ARRB1, CGN, VEGFA, BIN3, SLITRK6, BIN2, ADD2, PACS2, ACHE, PKHD1, CRTC1, ONECUT2, PNPT1, KCNA1, CEP164, ITGB3, KCNA7, SRF, PPAT, KCNS3, HIST1H4A, 
STX18, FGB, PVRL2, ENTPD1, TRAF6, BMF, DNAJA4, SEC23IP, FBXO45, PLAGL2, RAB8B, VAV3, NIN, PODXL, TMEM120B, SMAD4, YTHDC1, CELSR2, PCDH15, SMAD2, ACACB, KCTD7, 
SEPT11, EPHA2, CORO1C, P2RX4, P2RX7, P2RX6, BBC3, SRSF6, CXCL13, GLS, NAA60, KCTD15, DNAJB2, WDR1, ABL1, ABL2, SCARA5, PIP4K2B, LIMA1, LZTS2, IBA57, KIF24, ATL2, 
MYO7A, TACR1, DICER1, UVRAG, RHOQ, PHF23, VPS37B, MTSS1L, KCNJ12, RAB3IP, ACVR1C, BAG4, TMEM231, TRIM9, TTC30B, EDC3, GOPC, ACOT13, CNTNAP1, LMOD1, ANO6, 
GPC1, VCPIP1, PSMD9, PPP2R1B, ACADS, LIMK1, FLOT2, NIP7, TP53, KCTD21, NRXN1, MRPS7, UBN1, JMY, TOR2A, AMIGO2, DGAT1, ATG4D, RRM2, TYSND1, KCNH7, CPSF6, TXNRD1, 
1.119346089 1 0.511843167 70.07738118 
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DMC1, AARS2, WIZ, SRGAP2, SNAP29, PRF1, ABLIM3, PPM1A, GPR65, COX7A2L, CDH5, MRPL11, MTMR3, RAB43, BCL2, PPP2CA, TAP2, MAP3K1, WIPF2, AGO2, PAFAH1B1, PRKAA2, 
TBC1D1, EHD1, BAZ2A, APBA1, APC, SYNPO, GEMIN2, BAIAP2L1, CREB1, RAF1, ASIC1, AMBRA1, SIRT2, TP73, TTC19, AJUBA, PPP1R9B, PSMD13, ID1, TENM2, ABCC4, SVIP, RBM14, 
LRP4, TP53INP1 
GO:0048634~regulation of muscle organ 
development 
15 1.072194425 0.059466267 FGFR2, FGFR1, ERBB4, FGF9, HMGCR, ERBB3, USP2, CREB1, TP73, SIRT2, HDAC5, MAPK14, BCL2, AKAP6, GPC1 1.690924998 1 0.514300504 70.38682842 
GO:0050801~ion homeostasis 59 4.21729807 0.060237819 
CYP11B2, TACR1, TTPA, ANPEP, BAK1, ATP2B3, SLC24A2, ASPH, SLC4A4, SCN2B, TTC7A, STC2, TP53, BTBD9, THY1, SLC26A6, DGAT1, CCR5, SLC26A9, CCR2, CEMIP, AKAP6, CLN6, 
ENPP1, PKHD1, SLC39A13, PTH1R, KCNA1, PPT1, ITGB3, NEO1, HSH2D, FAM65B, CALCA, VDR, UBASH3B, BCL2, PRKAA2, RASA3, HCN4, SLC31A1, SCN5A, EPO, HCN1, PDK2, SLC8A2, 
TMBIM6, SMAD4, SLC17A7, P2RX4, SLC4A10, P2RX7, CXCL13, BBC3, GPR39, ABL1, ABL2, CHRNA10, SCARA5 
1.247671197 1 0.518422759 70.86532512 
GO:0007178~transmembrane receptor protein 
serine/threonine kinase signaling pathway 
31 2.215868477 0.060309328 MEGF8, FGF9, ONECUT2, PPM1A, BMPR2, NEO1, CDH5, ACVR1C, LNPEP, JADE2, CDKN2B, CRB2, MAP3K1, ATOH8, ADAM9, CREB1, SOX11, TP53, SMAD4, SMAD2, FURIN, NOTCH2, 
ID1, MAPK14, TRPS1, GDF11, SMURF1, RBM14, BMPR1B, ABL1, LRP4 
1.386910774 1 0.518304097 70.90929893 
GO:0007256~activation of JNKK activity 3 0.214438885 0.060462219 ERCC6, MAP3K1, MAP3K11 7.158249158 1 0.51867485 71.00310756 
GO:0003360~brainstem development 3 0.214438885 0.060462219 PHOX2B, SMAD4, SCN5A 7.158249158 1 0.51867485 71.00310756 
GO:0003149~membranous septum 
morphogenesis 3 0.214438885 0.060462219 FGFR2, ID2, VANGL2 7.158249158 1 0.51867485 71.00310756 
GO:0019367~fatty acid elongation, saturated 
fatty acid 3 0.214438885 0.060462219 ELOVL1, ELOVL4, ELOVL6 7.158249158 1 0.51867485 71.00310756 
GO:0010638~positive regulation of organelle 
organization 
61 4.360257327 0.060553093 
RP1, TACR1, FAM20B, VPS37B, BAP1, BAK1, BAG4, VPS4B, LSM4, LEPROT, MAP2K7, PAN2, PHYHIP, LIMK1, ZDHHC8, TADA2B, TP53, LIG4, PROX1, JMY, DTWD2, ARRB1, VEGFA, 
HHAT, UBL4B, ABLIM3, GPR65, HK2, CALCOCO2, LIF, GMIP, STX18, MAP3K1, WIPF2, BMF, SYNPO, PLAGL2, APC, HAPLN1, NIN, JARID2, BAIAP2L1, SMAD4, LRRC46, MUL1, AMBRA1, 
UBE2L3, TMED9, SIRT2, FAM131B, RPL28, PPIF, SLC35C1, P2RX7, BBC3, ID1, IST1, SMURF1, WDR1, RNF40, PIP4K2B 
1.242256611 1 0.518672496 71.05872894 
GO:0045598~regulation of fat cell differentiation 14 1.000714796 0.060809123 ENPP1, TAF8, CREB1, RORA, SIRT2, TRIB2, MMP11, ANKRD26, ID2, MAPK14, VEGFA, SORT1, FNDC3B, NCOR2 1.727853245 1 0.519658374 71.21489195 
GO:0042177~negative regulation of protein 
catabolic process 
14 1.000714796 0.060809123 ANAPC15, SMAD4, UBE2J1, GRIN2A, FURIN, UBAC2, SIRT2, CDKN2A, KLHL40, OPHN1, SVIP, YOD1, TLK2, APC 1.727853245 1 0.519658374 71.21489195 
GO:0051048~negative regulation of secretion 23 1.644031451 0.061016969 TNFSF4, ABR, FFAR4, HMGCR, MADD, ERBB3, TMBIM6, IL1RN, DRD4, ANPEP, NEO1, ASIC1, REST, ACVR1C, STXBP5L, LIF, TRIM9, GPR39, CCR2, VPS4B, ABAT, ENTPD1, PSMD9 1.483240817 1 0.520352453 71.34107724 
GO:0008643~carbohydrate transport 17 1.215153681 0.0620722 SLC45A3, ERBB4, ENPP1, ERBB3, HK2, SLC35A5, RHOQ, AQP6, APPL1, M6PR, SLC35A4, GRB10, SLC26A6, SLC23A2, MAPK14, SORT1, YES1 1.611791201 1 0.526056884 71.9736544 
GO:0060428~lung epithelium development 8 0.571837026 0.062582247 FGFR2, SRSF6, CREB1, SPDEF, STRA6, NCOR2, FNDC3B, NFIB 2.245725226 1 0.528502779 72.27463623 
GO:1990090~cellular response to nerve growth 
factor stimulus 
8 0.571837026 0.062582247 CALCA, FGFR1, ID1, CREB1, SORT1, EHD1, APC, MICALL1 2.245725226 1 0.528502779 72.27463623 
GO:1904019~epithelial cell apoptotic process 12 0.85775554 0.062611902 COL4A3, E2F2, FGB, CD248, BMPR2, SORT1, TNFAIP3, ABL1, TNIP2, ABL2, ANO6, PSMD9 1.827638083 1 0.528128836 72.29204108 
GO:1901861~regulation of muscle tissue 
development 15 1.072194425 0.062687354 FGFR2, FGFR1, ERBB4, FGF9, HMGCR, ERBB3, USP2, CREB1, TP73, SIRT2, HDAC5, MAPK14, BCL2, AKAP6, GPC1 1.677714646 1 0.528023284 72.3362783 
GO:0046631~alpha-beta T cell activation 15 1.072194425 0.062687354 CD244, TCF7, TNFSF4, FUT7, ITPKB, RORA, BCL2, CCR2, IFNG, IRF1, IRF4, ABL1, ABL2, PLA2G2D, NKX2-3 1.677714646 1 0.528023284 72.3362783 
GO:0048469~cell maturation 18 1.28663331 0.0628523 FGFR1, RET, PTH1R, SIRT2, CBFB, SLC26A6, ID2, EPHA8, BCL2, POU2F2, DLD, VEGFA, GDF11, LHX6, DMC1, ABL2, TMEM79, EPO 1.580963004 1 0.528439796 72.43275079 
GO:0015711~organic anion transport 36 2.573266619 0.062936291 
TNFAIP8L3, SLC22A13, SLC38A9, DRD4, ATP10D, SLC19A1, SLC7A6, SLCO2A1, SLC1A5, TRIAP1, SLC23A2, SLC4A8, SCARB1, SLC4A4, APBA1, ACSL6, IL1RN, PCTP, SLC6A15, SLC6A17, 
SLCO2B1, SLC17A7, SH3BP4, P2RX7, SLC4A10, SLC26A6, SLC16A6, SLC7A1, SLC25A10, SLC26A9, ABAT, ABCC4, PLA2G5, ABCC5, SLC46A1, SLC27A4 
1.342171717 1 0.52838396 72.48175219 
GO:0034104~negative regulation of tissue 
remodeling 5 0.357398142 0.063062635 CALCA, P2RX7, ABR, UBASH3B, VEGFA 3.253749617 1 0.528574406 72.55530717 
GO:2000647~negative regulation of stem cell 
proliferation 5 0.357398142 0.063062635 OVOL1, TP53, VAX1, NFATC1, NFIB 3.253749617 1 0.528574406 72.55530717 
GO:0015701~bicarbonate transport 5 0.357398142 0.063062635 SLC26A6, SLC4A10, SLC26A9, SLC4A8, SLC4A4 3.253749617 1 0.528574406 72.55530717 
GO:0042326~negative regulation of 
phosphorylation 
40 2.859185132 0.063589127 COX11, ENPP1, RTN4RL1, HMGCR, LRRC15, FEM1A, LIF, SH3BP5L, BAK1, CDKN2A, AKT1S1, CDKN2B, UBASH3B, PPP2CA, CTDSP2, PAFAH1B1, APC, CEP85, SOCS4, TP73, SIRT2, 
STAT3, THY1, CORO1C, SFRP5, PPIF, AJUBA, ATXN1, ANKRD26, P2RX7, DUSP3, GRB10, ARRB1, IRF1, SEMA4D, TNFAIP3, ABL1, IGFBP3, DUSP7, DUSP6 
1.316459615 1 0.531079233 72.85981552 
GO:0022898~regulation of transmembrane 
transporter activity 
20 1.429592566 0.06363946 HCN1, SCN2B, NOS1AP, FGF14, DRD4, CACNB1, CACNB2, CACNB3, NRXN1, CACNG2, PPIF, RASGRF2, RASGRF1, PPP2CA, BCL2, SCN4B, AKAP6, KLHL24, ASPH, EPO 1.531176291 1 0.530826257 72.88875793 
GO:0002831~regulation of response to biotic 
stimulus 
21 1.501072194 0.063727198 MAVS, PHYHIP, SASH1, CRTAM, FGF14, PGC, KLK5, MUL1, FAM131B, SIRT2, SEC14L1, SLC35C1, GMIP, IST1, PVRL2, LSM4, PRDM1, SMURF1, TNFAIP3, TRAF6, UBA52 1.510786255 1 0.530789393 72.93913895 
GO:0046165~alcohol biosynthetic process 16 1.143674053 0.064088888 IMPAD1, CD244, HMGCR, ACER2, CYP11B2, PTH1R, PHKA1, REST, SEC14L2, VDR, PGP, IFNG, MVK, PRKAA2, IPMK, PLA2G5 1.636171236 1 0.532325825 73.14589236 
GO:1901988~negative regulation of cell cycle 
phase transition 
14 1.000714796 0.064251934 SOX11, ANAPC15, PPP2R5C, TP53, TP73, FOXN3, CDKN2B, BCL2, OVOL1, CTDSP2, RBM38, CASP2, ZC3H12D, APC 1.713085269 1 0.532718182 73.23860373 
GO:0030031~cell projection assembly 38 2.716225876 0.064346601 
SNAP29, RP1, KIF24, SHTN1, PKHD1, ABLIM3, ONECUT2, RHOQ, CEP164, MTSS1L, SRF, RAB3IP, BAG4, TMEM231, TTC30B, EHD1, TBC1D1, ANO6, APC, RAB8B, VAV3, PODXL, 
VANGL2, CELSR2, PCDH15, NRXN1, PTPRO, EPHA2, CORO1C, AJUBA, PPP1R9B, P2RX7, TENM2, ABCC4, BIN3, ABL1, ABL2, SRGAP2 
1.326894966 1 0.532718675 73.2922931 
GO:0051050~positive regulation of transport 82 5.861329521 0.064369198 
VTCN1, FGF14, FAM20B, TACR1, VPS37B, RHOQ, BAP1, STXBP5L, BAK1, TRIAP1, GAB2, IFNG, RASL10B, VPS4B, RBCK1, LEPROT, ASPH, APLN, ANO6, PSMD9, ADAM9, CRTAM, SOX11, 
ZDHHC8, DCTN1, THY1, SMO, MIB1, SLC26A6, CCR5, ARRB1, DTWD2, VEGFA, CEMIP, HHAT, ABAT, AKAP6, UBL4B, PROS1, MYO18A, MAVS, FGFR1, CD244, ERBB4, RAB3D, ERBB3, 
ABLIM3, ERBB2, DRD4, PPM1A, CACNB2, ADRBK1, PPT1, CBLL1, EDEM1, OAZ2, LIF, FGB, STX18, EHD1, SCN5A, ACSL6, PLAGL2, HCN1, ABR, TNFSF4, RAB8B, CREB1, LRRC46, SMAD4, 
UBE2L3, RPL28, RUFY3, P2RX4, P2RX7, BBC3, GPR39, MAPK14, SCN4B, ABL1, ABL2, CACNA1B 
1.1942552 1 0.532307917 73.30509406 
GO:0044708~single-organism behavior 44 3.145103645 0.064882095 
PPARA, ADCY1, USP2, CPEB3, HMGCR, FGF14, CRTC1, TACR1, DRD4, PPT1, SRF, KCNIP3, KCNK10, BHLHB9, BCL2, SLC24A2, PAFAH1B1, STRA6, SLC8A2, NTF4, FBXL20, CREB1, IL1RN, 
EPM2A, GRIN2A, PCDH15, ASIC1, NRXN1, BTBD9, SLC17A7, HOXD9, ATXN1, PPP1R9B, SLC4A10, ATXN3, BTG2, ID2, GPR39, ARCN1, USP46, ABAT, SLITRK6, ABL1, ABL2 1.293482394 1 0.534688031 73.59407483 
GO:0048562~embryonic organ morphogenesis 30 2.144388849 0.065218989 
FGFR2, MEGF8, FGFR1, FGF9, EFNA2, MYO7A, SRF, CRB2, MYO15A, ALDH1A3, STRA6, DVL3, TCF7, ABR, SOX11, VANGL2, PCDH15, SMAD2, PROX1, EPHA2, HOXD9, HOXB3, MIB1, 
NOTCH2, SMO, ID2, SP1, SP3, SLITRK6, CHRNA10 1.385467579 1 0.536056739 73.7822715 
GO:0045670~regulation of osteoclast 
differentiation 9 0.643316655 0.065488868 CALCA, ZBTB7A, NOTCH2, ESRRA, UBASH3B, CREB1, IFNG, TRAF6, APC 2.078201369 1 0.537040649 73.93211268 
GO:0044262~cellular carbohydrate metabolic 
process 27 1.929949964 0.065556486 
PPARA, COX11, CD244, IMPAD1, SORD, ENPP1, PTH1R, PHKA1, HK2, RORA, PGP, PRKAA2, B4GALT1, PDK2, B4GAT1, ACER2, WDR5, PDK3, EPM2A, TP53, ACACB, STAT3, P2RX7, 
GRB10, PPP1CA, MLYCD, IGFBP3 1.415917416 1 0.536883181 73.96952747 
GO:0042472~inner ear morphogenesis 13 0.929235168 0.06558108 FGFR2, FGFR1, DVL3, ABR, FGF9, MYO7A, EFNA2, VANGL2, PCDH15, ALDH1A3, MYO15A, SLITRK6, CHRNA10 1.755796963 1 0.536484292 73.98312348 
GO:0008306~associative learning 12 0.85775554 0.066565191 ATXN1, BTG2, HMGCR, CREB1, TACR1, DRD4, GRIN2A, PPT1, ASIC1, ABL1, ABL2, SRF 1.808399787 1 0.541449914 74.52165372 
GO:0051289~protein homotetramerization 10 0.714796283 0.066802659 MAT1A, ACADS, CRTC1, GLS, ACOT13, ACACB, KCNJ12, DCTPP1, PPAT, CNGA2 1.961164153 1 0.542231015 74.6500074 
GO:0021954~central nervous system neuron 
development 
11 0.786275911 0.06704815 FGFR2, PHOX2B, FGFR1, SLC4A10, BTG2, NIN, PAFAH1B1, LHX6, DCLK1, FBXO45, NFIB 1.874779541 1 0.54305313 74.78205202 
GO:1901214~regulation of neuron death 30 2.144388849 0.067423416 PPARA, MCL1, ERBB3, ELK1, PPT1, NEO1, GDNF, KCNIP3, CASP6, AKT1S1, REL, BHLHB9, BCL2, CASP2, MAP2K7, EPO, NTF4, NOS1AP, CREB1, TP53, LIG4, AMBRA1, TP73, STAT3, 1.381012699 1 0.544586282 74.98263872 
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SARM1, BTG2, BBC3, VEGFA, ABL1, MAP3K11 
GO:0018105~peptidyl-serine phosphorylation 25 1.786990708 0.067434679 
BRSK2, MKNK2, ADRBK1, MAPKAPK2, LIF, BAK1, BAG4, MAP3K1, BCL2, IFNG, PRKAA2, TLK2, DCLK1, EPO, PDK2, RET, CSNK1G1, PDK3, RAF1, SMG1, MAPK12, ARRB1, MAPK14, 
VEGFA, MAP3K10 
1.437399429 1 0.544112483 74.98863527 
GO:0036296~response to increased oxygen levels 8 0.571837026 0.068169625 CYP1A1, PDIA3, CCR2, TP53, TXNRD1, ALOX5, MMP2, EPO 2.202538203 1 0.54760244 75.37700766 
GO:0055093~response to hyperoxia 8 0.571837026 0.068169625 CYP1A1, PDIA3, CCR2, TP53, TXNRD1, ALOX5, MMP2, EPO 2.202538203 1 0.54760244 75.37700766 
GO:0001964~startle response 6 0.42887777 0.068801212 KCNH1, KCNA1, GRIN2A, PCDH15, NRXN1, SLITRK6 2.684343434 1 0.550499176 75.70617975 
GO:0033032~regulation of myeloid cell apoptotic 
process 
6 0.42887777 0.068801212 ST6GAL1, CDKN2A, CCR5, BCL2, ITPKB, EPO 2.684343434 1 0.550499176 75.70617975 
GO:0090342~regulation of cell aging 6 0.42887777 0.068801212 CDKN2A, PNPT1, TP53, CDK6, ABL1, BCL2L12 2.684343434 1 0.550499176 75.70617975 
GO:0051648~vesicle localization 18 1.28663331 0.068803269 SNAP29, FGFR2, FGF14, MYO7A, SYT2, NRXN1, TMED9, VPS33A, DCTN1, BTBD9, P2RX7, PACSIN1, BLOC1S3, TRIM9, IKBKG, OPHN1, PAFAH1B1, APBA1 1.561799816 1 0.549975127 75.70724488 
GO:0006650~glycerophospholipid metabolic 
process 
21 1.501072194 0.069118785 PGAP3, IMPAD1, CDIPT, PIK3C2B, TAZ, PIK3CD, PHKA1, SMG1, PIP5K1C, ABHD3, PI4K2B, AJUBA, CDS2, MTMR3, PGP, PIP5KL1, DPM2, IP6K1, MTMR6, PLA2G5, PIP4K2B 1.495753555 1 0.551145368 75.87011006 
GO:0050920~regulation of chemotaxis 20 1.429592566 0.069210909 MEGF8, FGFR1, ST6GAL1, IL16, PLXNA1, BMPR2, PADI2, MMP28, CCR7, CCR5, CXCL13, SEMA4F, CCR2, VEGFA, SEMA4C, SEMA4B, SEMA4D, ANO6, ANGPT2, MTUS1 1.514973367 1 0.551107998 75.91746747 
GO:0072413~signal transduction involved in 
mitotic cell cycle checkpoint 
4 0.285918513 0.069214935 PPP2R5C, TP53, RBM38, CASP2 4.09042809 1 0.550596691 75.91953506 
GO:1902402~signal transduction involved in 
mitotic DNA damage checkpoint 
4 0.285918513 0.069214935 PPP2R5C, TP53, RBM38, CASP2 4.09042809 1 0.550596691 75.91953506 
GO:0051044~positive regulation of membrane 
protein ectodomain proteolysis 
4 0.285918513 0.069214935 TNFRSF1B, IFNG, SNX33, ADAM9 4.09042809 1 0.550596691 75.91953506 
GO:0031054~pre-miRNA processing 4 0.285918513 0.069214935 DICER1, AGO2, LIN28A, LIN28B 4.09042809 1 0.550596691 75.91953506 
GO:1902403~signal transduction involved in 
mitotic DNA integrity checkpoint 
4 0.285918513 0.069214935 PPP2R5C, TP53, RBM38, CASP2 4.09042809 1 0.550596691 75.91953506 
GO:0045779~negative regulation of bone 
resorption 
4 0.285918513 0.069214935 CALCA, P2RX7, UBASH3B, VEGFA 4.09042809 1 0.550596691 75.91953506 
GO:0061572~actin filament bundle organization 15 1.072194425 0.069475547 LIMA1, SHTN1, LIMK1, BAIAP2L1, TACR1, GPR65, PCDH15, SRF, BAG4, ARRB1, ID1, MAP3K1, ABL2, ADD2, SYNPO 1.651903652 1 0.551465376 76.0530166 
GO:0042771~intrinsic apoptotic signaling 
pathway in response to DNA damage by p53 class 
mediator 
7 0.500357398 0.069667012 TRIAP1, BBC3, AEN, PPP2R5C, TP53, BCL2L12, TP73 2.386083053 1 0.551960114 76.15063433 
GO:0034394~protein localization to cell surface 7 0.500357398 0.069667012 ERBB4, MRAP, ASTN2, SNX33, LEPROT, SMURF1, SLC28A2 2.386083053 1 0.551960114 76.15063433 
GO:0050803~regulation of synapse structure or 
activity 27 1.929949964 0.069755833 
LZTS1, FGF14, CPEB3, CRTC1, ABHD6, BCAN, PPT1, SRF, SHISA6, LNPEP, BHLHB9, SLC24A2, NFATC4, SLC8A2, NTF4, CREB1, GRIN2A, FRMPD4, NRXN1, AMIGO2, YWHAG, CBLN2, 
RASGRF2, RASGRF1, SLITRK6, NCAN, LRP4 1.405619835 1 0.551904457 76.19579095 
GO:0050771~negative regulation of axonogenesis 9 0.643316655 0.070652508 CCR5, SEMA4F, SEMA4C, SEMA4B, SEMA4D, RUFY3, LRP4, MBP, THY1 2.045214045 1 0.556144885 76.64713577 
GO:0031401~positive regulation of protein 
modification process 
88 6.290207291 0.070895841 
CDC14B, FGF9, HMGCR, PHF23, SPRTN, BAG4, DIRAS1, MYD88, NOD1, CDKN2A, MAP3K9, IFNG, PELI2, MAP2K7, ADAM9, ARHGEF2, RET, NOS1AP, MADD, TADA2B, VANGL2, TP53, 
IL6R, PROX1, THY1, KSR2, ARRB1, VEGFA, CCR2, CEMIP, SEMA4C, MAP3K10, AKAP6, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FGFR2, MAVS, TNFAIP8L3, FGFR1, FFAR4, ERBB4, 
ERBB3, ERBB2, DRD4, BMPR2, ITGB3, CALCA, LIF, TNFRSF1B, AHRR, ERCC6, MAP3K3, FGB, BCL2, MAP3K1, PPP2CA, YES1, TRAF6, EPO, DVL3, SASH1, LAMTOR3, JARID2, TAOK1, 
IL1RN, SMAD4, MUL1, RAF1, UBE2L3, TP73, AJUBA, P2RX7, BRMS1, EPHA8, IKBKG, GDF11, SVIP, DNAJB2, PPP2R4, SMURF1, ABL1, IGFBP3, ABL2, LRP4, RNF40, NCOR2 
1.179636565 1 0.556900632 76.76820958 
GO:0071482~cellular response to light stimulus 11 0.786275911 0.071474461 RP1, BAK1, PPP1R9B, TRIAP1, TP53, NFATC4, RNF168, CDC25A, TP73, RS1, TP53INP1 1.852723312 1 0.559414845 77.05372 
GO:1901136~carbohydrate derivative catabolic 
process 
14 1.000714796 0.071519109 NUDT16, NPL, MAN1B1, EDEM1, CHIT1, NT5M, PDE7A, MLYCD, NAGA, CEMIP, NEU1, ENTPD4, NT5E, GPC1 1.68429392 1 0.559119059 77.07561194 
GO:0010506~regulation of autophagy 30 2.144388849 0.072115161 LZTS1, HK2, UVRAG, PHF23, CALCOCO2, MTMR3, TRIM65, NOD1, GMIP, BCL2, IFNG, LSM4, PRKAA2, HAPLN1, PHYHIP, ZDHHC8, EPM2A, TP53, AMBRA1, RPL28, FAM131B, SIRT2, 
SH3BP4, SLC35C1, DRAM2, IST1, SVIP, SMURF1, PIP4K2B, TP53INP1 
1.372188337 1 0.561702934 77.36597467 
GO:0032845~negative regulation of homeostatic 
process 
19 1.358112938 0.072125562 HMGCR, KLF13, ITPKB, ANPEP, THY1, CALCA, P2RX7, CCR5, BBC3, UBASH3B, GPR39, BCL2, VEGFA, CEMIP, AKAP6, GAS2L1, ABL1, RASA3, EPO 1.528165551 1 0.561228183 77.37101015 
GO:0070588~calcium ion transmembrane 
transport 
19 1.358112938 0.072125562 SLC8A2, NOS1AP, FGF14, DRD4, GRIN2A, CACNB1, CACNB2, CACNB3, ASIC1, CACNG2, TMEM37, ATP2B3, PPP2CA, SLC24A2, AKAP6, ASPH, ANO6, CHRNA10, CACNA1B 1.528165551 1 0.561228183 77.37101015 
GO:0034047~regulation of protein phosphatase 
type 2A activity 
5 0.357398142 0.07229501 PPP2R1B, PPME1, PPP2CA, PPP2R5C, PPP2R4 3.112282243 1 0.561580932 77.45289846 
GO:0043171~peptide catabolic process 5 0.357398142 0.07229501 LNPEP, ECE1, LVRN, ANPEP, ENPEP 3.112282243 1 0.561580932 77.45289846 
GO:0035196~production of miRNAs involved in 
gene silencing by miRNA 
5 0.357398142 0.07229501 HNRNPA2B1, DICER1, AGO2, LIN28A, LIN28B 3.112282243 1 0.561580932 77.45289846 
GO:0097484~dendrite extension 5 0.357398142 0.07229501 RASAL1, SYT2, MUL1, ITSN2, SMURF1 3.112282243 1 0.561580932 77.45289846 
GO:0031571~mitotic G1 DNA damage checkpoint 5 0.357398142 0.07229501 PPP2R5C, TP53, RBM38, CASP2, TP73 3.112282243 1 0.561580932 77.45289846 
GO:2001233~regulation of apoptotic signaling 
pathway 
35 2.501786991 0.074068566 
FGFR1, SYVN1, MCL1, PDIA3, BCL2L2, GDNF, BAK1, TRIAP1, FGB, BCL2, RBCK1, NFATC4, CASP2, BMF, PLAGL2, EPO, PPP2R1B, RET, BCL2L14, MADD, TMBIM6, TP53, RAF1, MUL1, 
BCL2L12, TP73, PPIF, PPP1CA, BBC3, TRPS1, IKBKG, VEGFA, TNFAIP3, BMPR1B, TP53INP1 
1.329117881 1 0.570173916 78.29328035 
GO:0050900~leukocyte migration 26 1.858470336 0.074105302 
B4GALT1, VAV3, ABR, IL16, FUT7, PODXL, TACR1, TP53, PADI2, ITGB3, MMP28, PTPRO, CALCA, ITGA9, CCR7, MYD88, CCR5, CXCL13, CCR2, IFNG, CKLF, VEGFA, GCNT1, ANO6, 
MTUS1, NKX2-3 
1.409958168 1 0.569832334 78.31036859 
GO:0046660~female sex differentiation 17 1.215153681 0.074766896 SGPL1, ERMP1, SMAD4, ADRBK1, MMP2, ACVR1C, BAK1, ARRB1, BCL2, VEGFA, ADAMTS1, STRA6, BMPR1B, DMC1, LFNG, CASP2, EIF2B5 1.57019659 1 0.572659566 78.61594376 
GO:0097485~neuron projection guidance 21 1.501072194 0.074813305 MEGF8, PLXNA1, B4GAT1, ERBB2, EFNA2, BMPR2, SMAD4, DPYSL4, VAX1, PTPRO, SMO, SEMA4F, EPHA8, TENM2, VEGFA, SEMA4C, SEMA4B, UNC5C, SEMA4D, BMPR1B, NFIB 1.481017067 1 0.572366332 78.63722473 
GO:0010508~positive regulation of autophagy 21 1.501072194 0.074813305 HAPLN1, PHYHIP, EPM2A, HK2, UVRAG, CALCOCO2, AMBRA1, FAM131B, SLC35C1, TRIM65, SH3BP4, NOD1, GMIP, IST1, IFNG, LSM4, SVIP, SMURF1, PRKAA2, TP53INP1, PIP4K2B 1.481017067 1 0.572366332 78.63722473 
GO:0030072~peptide hormone secretion 25 1.786990708 0.075000431 
RAB8B, HMGCR, MADD, IL1RN, RBM4, BRSK2, RAF1, SMAD2, NRXN1, REST, MYT1, STXBP5L, ACVR1C, LIF, SSTR5, DGAT1, FGB, ARRB1, GPR39, IFNG, RASL10B, ABAT, CDK16, APLN, 
PSMD9 1.420287531 1 0.572783264 78.72282854 
GO:0046879~hormone secretion 31 2.215868477 0.07505563 
FGFR1, FFAR4, HMGCR, TACR1, RBM4, BRSK2, REST, MYT1, ACVR1C, STXBP5L, LIF, FGB, IFNG, RASL10B, CDK16, APLN, PSMD9, RAB8B, MADD, SOX11, CREB1, IL1RN, SMAD4, RAF1, 
SMAD2, NRXN1, SSTR5, DGAT1, ARRB1, GPR39, ABAT 1.357221553 1 0.572535096 78.74801777 
GO:0045637~regulation of myeloid cell 
differentiation 20 1.429592566 0.075104518 RBFOX2, ZBTB7A, ESRRA, HMGB3, KLF13, CREB1, ITPKB, CDK6, LIF, CALCA, NOTCH2, HIST1H4A, ID2, UBASH3B, ETS1, MAPK14, IFNG, GAS2L1, TRAF6, APC 1.499109771 1 0.572255775 78.7703036 
GO:0050679~positive regulation of epithelial cell 
proliferation 18 1.28663331 0.075122234 FGFR2, B4GALT1, ERBB4, FGF9, RREB1, ERBB2, TACR1, SOX11, BMPR2, ITGB3, PROX1, SMO, AGGF1, SRSF6, ID1, VEGFA, TNFAIP3, SCN5A 1.543095627 1 0.571820367 78.77837373 
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GO:0007599~hemostasis 19 1.358112938 0.075219728 FIBP, HPS6, PIK3CD, PIP5K1C, TSPAN8, ITGB3, FAM46A, SRF, MYL9, LBH, UBASH3B, BLOC1S3, FGB, ABAT, ENTPD1, SCARA5, NBEAL2, ANO6, PROS1 1.519628313 1 0.571786602 78.8227346 
GO:0008610~lipid biosynthetic process 45 3.216583274 0.075328406 
CDIPT, HMGCR, CYP11B2, ABHD6, PHKA1, PIP5K1C, ST8SIA3, CERS3, REST, SEC14L2, CDS2, ELOVL1, VDR, ST6GALNAC6, ACSS1, ELOVL4, ALDH1A3, IFNG, SCARB1, ELOVL6, PRKAA2, 
B4GALT6, NT5E, ACSL6, B4GALNT1, PLA2G16, CYP1A1, CREB1, ACER2, SCD, PIK3C2B, PIK3CD, TAZ, ACACB, LPIN2, PROX1, AJUBA, P2RX7, DGAT1, MLYCD, ST8SIA4, DPM2, MVK, 
ALOX5, PLA2G5 
1.273206372 1 0.571809072 78.87208012 
GO:0043624~cellular protein complex 
disassembly 14 1.000714796 0.075345473 PPP1R9B, LIMA1, ARHGEF2, KIF24, STMN3, VPS4B, GAS2L1, CLIP2, LMOD1, WDR1, EIF5A2, NCKAP5L, ADD2, APC 1.670258137 1 0.571372505 78.87981977 
GO:0072091~regulation of stem cell proliferation 14 1.000714796 0.075345473 FGFR2, FGFR1, FGF9, SOX11, TP53, VAX1, HDAC5, SMO, OVOL1, FBXW4, VEGFA, ATXN1L, NFIB, NFATC1 1.670258137 1 0.571372505 78.87981977 
GO:0014070~response to organic cyclic 
compound 
97 6.933523946 0.07638421 
CYP24A1, PPARA, PDIA3, TACR1, DICER1, DUOX1, REST, RORA, GDNF, MMP2, MBP, ACVR1C, BAK1, CASP6, CDKN2A, CDKN2B, ASPH, ANGPT2, ADAM9, BSG, STC2, CYP1A1, ACADS, 
HNRNPA2B1, TP53, GRIN2A, LIFR, IL6R, MBD1, TAT, SSTR5, SMO, KRT19, SLC26A6, UGT2B17, SSTR3, BTG2, CCR5, VEGFA, ABAT, AKAP6, ADAMTS1, PLA2G5, MAVS, FGFR1, ERBB4, 
ERBB2, TAF9B, DRD4, ELK1, ADRBK1, LIN28A, LIN28B, NR2C1, VDR, BCL2, PPP2CA, AGO2, PRKAA2, ENTPD1, HCN4, BDH1, SCN5A, HCN3, ACSL6, EPO, HCN1, ESRRA, DGKQ, SLC8A2, 
CREB1, IL1RN, ESRRG, MUL1, SMAD2, ACACB, SEPN1, TET2, UBE2L3, STAT3, SIRT2, PSMB9, HDAC5, PPP1R9B, P2RX4, P2RX7, P2RX6, ETS1, ID1, IRF1, SP5, ABCC4, ID3, ABL1, NCOR2, 
CACNA1B, DUSP6 
1.161120683 1 0.576028877 79.34582334 
GO:0051353~positive regulation of 
oxidoreductase activity 
7 0.500357398 0.07641718 VDR, NOD1, IFNG, SCARB1, ABL1, ABL2, GDNF 2.330592749 1 0.575670722 79.36045349 
GO:0044706~multi-multicellular organism 
process 
28 2.001429593 0.07644347 FGFR1, TACR1, BMPR2, ITGB3, SLC19A1, MMP2, PPAT, ACVR1C, CALCA, LIF, VDR, ANGPT2, EPO, B4GALT1, HCN1, BSG, CYP1A1, STC2, IL1RN, DDR1, PPP1R9B, SP1, ETS1, SP3, VEGFA, 
IRF1, KPNA6, PRDM1 
1.382282596 1 0.575280218 79.37211239 
GO:0048332~mesoderm morphogenesis 10 0.714796283 0.076561424 FGFR2, FGFR1, CRB2, BMPR2, TXNRD1, SMAD2, POFUT2, ITGB3, SRF, EPHA2 1.908866442 1 0.575343959 79.42434461 
GO:0043331~response to dsRNA 10 0.714796283 0.076561424 MAVS, P2RX7, HNRNPA2B1, DICER1, IRF1, GRIN2A, MUL1, AGO2, LIN28A, LIN28B 1.908866442 1 0.575343959 79.42434461 
GO:0043241~protein complex disassembly 16 1.143674053 0.077649884 ARHGEF2, LIMA1, KIF24, STMN3, NCKAP5L, PPP1R9B, SMARCD2, VPS4B, GAS2L1, CLIP2, ASPH, LMOD1, WDR1, EIF5A2, ADD2, APC 1.590722035 1 0.580175192 79.90044476 
GO:0072006~nephron development 16 1.143674053 0.077649884 COL4A3, RET, PODXL, VANGL2, SMAD4, ENPEP, ITGB3, GDNF, PTPRO, LIF, SMO, FAT4, BCL2, IFNG, VEGFA, ANGPT2 1.590722035 1 0.580175192 79.90044476 
GO:0009895~negative regulation of catabolic 
process 21 1.501072194 0.077775622 LZTS1, ANAPC15, SECISBP2, TP53, GRIN2A, SMAD4, UBE2J1, PHF23, ACACB, UBAC2, FURIN, STAT3, SIRT2, CDKN2A, BCL2, KLHL40, OPHN1, SVIP, TLK2, YOD1, APC 1.47375718 1 0.580269825 79.95476421 
GO:0001505~regulation of neurotransmitter 
levels 17 1.215153681 0.078189715 SNAP29, ACHE, NOS1AP, SYT2, LRTOMT, PPT1, ASIC1, NRXN1, GDNF, SLC17A7, P2RX7, DAGLA, TRIM9, SYN2, ABAT, APBA1, CACNA1B 1.560131227 1 0.581767166 80.13267148 
GO:2001236~regulation of extrinsic apoptotic 
signaling pathway 17 1.215153681 0.078189715 PPP2R1B, FGFR1, RET, BCL2L14, PDIA3, MCL1, MADD, RAF1, GDNF, PPP1CA, FGB, TRPS1, BCL2, VEGFA, RBCK1, TNFAIP3, BMPR1B 1.560131227 1 0.581767166 80.13267148 
GO:0018209~peptidyl-serine modification 26 1.858470336 0.079240478 
MAMDC2, BRSK2, MKNK2, ADRBK1, MAPKAPK2, LIF, BAK1, BAG4, MAP3K1, BCL2, IFNG, PRKAA2, TLK2, DCLK1, EPO, PDK2, RET, CSNK1G1, PDK3, RAF1, SMG1, MAPK12, ARRB1, 
MAPK14, VEGFA, MAP3K10 1.399356978 1 0.586324379 80.57740616 
GO:0072331~signal transduction by p53 class 
mediator 14 1.000714796 0.079301437 PDK2, TRIAP1, E2F2, CDKN2A, BBC3, AEN, PPP2R5C, TP53, RBM38, PERP, CASP2, BCL2L12, TP73, JMY 1.656454351 1 0.5860988 80.60291447 
GO:0001704~formation of primary germ layer 14 1.000714796 0.079301437 FGFR2, FGFR1, CRB2, ITGA7, BMPR2, TXNRD1, SMAD2, POFUT2, ATOH8, ITGB3, MMP2, SRF, EPHA2, DUSP6 1.656454351 1 0.5860988 80.60291447 
GO:0048813~dendrite morphogenesis 14 1.000714796 0.079301437 RBFOX2, ACHE, CELSR2, NUMBL, FBXW8, BHLHB9, ID1, GORASP1, PAFAH1B1, NFATC4, MAP6, ABL2, DCLK1, LRP4 1.656454351 1 0.5860988 80.60291447 
GO:0042493~response to drug 53 3.7884203 0.079365475 
ADCY1, CYP11B2, REST, CBX7, MMP2, ACVR1C, BAK1, CDKN2A, IFNG, EIF2B5, RET, CYP1A1, GRIN2A, TP53, SS18, ARRB1, VEGFA, ABAT, TXNRD1, SORD, ERBB4, ERBB3, ERBB2, ITGB3, 
SLC19A1, PFAS, PPAT, ECE1, CD69, BLOC1S3, ALDH1A3, BCL2, PRKAA2, BDH1, SLC31A1, APC, DVL3, VAV3, SNX27, ACER2, CREB1, IL1RN, ACACB, TP73, STAT3, PSMB9, HDAC5, 
PPP1R9B, P2RX7, ABCC4, ABL1, SLC46A1, DUSP6 
1.239827469 1 0.585888527 80.62967725 
GO:0042089~cytokine biosynthetic process 12 0.85775554 0.079376267 MYD88, NOD1, REL, CEBPG, CCR2, IFNG, IRF1, UBE2J1, IRF4, MAPKAPK2, TRAF6, TRIB2 1.75304061 1 0.585423559 80.63418427 
GO:0090287~regulation of cellular response to 
growth factor stimulus 23 1.644031451 0.079414437 
FGFR2, FGFR1, FGF9, SOX11, ONECUT2, TP53, PPM1A, BMPR2, SMAD4, SMAD2, NEO1, FURIN, NOTCH2, GRB10, CDKN2B, CXCL13, CRB2, CCBE1, VEGFA, SMURF1, ABL1, GPC1, 
DUSP6 1.437901578 1 0.585090582 80.65011577 
GO:0043900~regulation of multi-organism 
process 38 2.716225876 0.079956003 
MAVS, FGF14, PGC, DRD4, DICER1, VPS37B, REST, SEC14L1, ACVR1C, MYD88, GMIP, BCL2, MAP3K1, TAP2, IFNG, PVRL2, VPS4B, LSM4, TRAF6, B4GALT1, SASH1, PHYHIP, SCD, KLK5, 
MUL1, TRIM62, PROX1, FAM131B, SIRT2, SLC35C1, CCR5, SP1, IST1, PRDM1, SMURF1, TNFAIP3, PTGDR2, UBA52 1.301499847 1 0.587162646 80.8748232 
GO:0051453~regulation of intracellular pH 8 0.571837026 0.080211855 SLC17A7, SLC26A6, BCL2, SLC26A9, TP53, TTPA, PPT1, CLN6 2.120962714 1 0.587864886 80.98011743 
GO:0032663~regulation of interleukin-2 
production 
8 0.571837026 0.080211855 TNFSF4, VTCN1, CCR2, IRF4, TNFAIP3, ABL1, TRAF6, ABL2 2.120962714 1 0.587864886 80.98011743 
GO:0010463~mesenchymal cell proliferation 8 0.571837026 0.080211855 FGFR2, FGFR1, SMO, FAT4, FGF9, VEGFA, FBXW4, NFIB 2.120962714 1 0.587864886 80.98011743 
GO:0009118~regulation of nucleoside metabolic 
process 8 0.571837026 0.080211855 PPIF, PPARA, P2RX7, TP53, COX7A2L, PRKAA2, ENTPD1, STAT3 2.120962714 1 0.587864886 80.98011743 
GO:1903578~regulation of ATP metabolic process 8 0.571837026 0.080211855 PPIF, PPARA, P2RX7, TP53, COX7A2L, PRKAA2, ENTPD1, STAT3 2.120962714 1 0.587864886 80.98011743 
GO:1900042~positive regulation of interleukin-2 
secretion 
3 0.214438885 0.080811325 VTCN1, ABL1, ABL2 6.135642136 1 0.590189047 81.2246742 
GO:1902669~positive regulation of axon guidance 3 0.214438885 0.080811325 MEGF8, VEGFA, BMPR2 6.135642136 1 0.590189047 81.2246742 
GO:0051461~positive regulation of corticotropin 
secretion 
3 0.214438885 0.080811325 LIF, RAB8B, APLN 6.135642136 1 0.590189047 81.2246742 
GO:0009191~ribonucleoside diphosphate 
catabolic process 
3 0.214438885 0.080811325 NUDT16, ENTPD4, ENTPD1 6.135642136 1 0.590189047 81.2246742 
GO:0032509~endosome transport via 
multivesicular body sorting pathway 
3 0.214438885 0.080811325 VPS4B, SORT1, VPS36 6.135642136 1 0.590189047 81.2246742 
GO:1901490~regulation of lymphangiogenesis 3 0.214438885 0.080811325 VEGFA, CCBE1, EPHA2 6.135642136 1 0.590189047 81.2246742 
GO:0048842~positive regulation of axon 
extension involved in axon guidance 
3 0.214438885 0.080811325 MEGF8, VEGFA, BMPR2 6.135642136 1 0.590189047 81.2246742 
GO:0001764~neuron migration 16 1.143674053 0.081311127 GPR173, PHOX2B, NRG3, ERBB4, SHTN1, CELSR2, VAX1, SRF, STAT3, MARK2, LHX6, PAFAH1B1, UNK, DCLK1, FBXO45, SRGAP2 1.579751538 1 0.592027796 81.42628528 
GO:0018108~peptidyl-tyrosine phosphorylation 30 2.144388849 0.081455023 
FGFR2, FGFR1, ERBB4, ERBB3, ERBB2, PEAK1, ITGB3, LIF, SH3BP5L, ERCC6, IFNG, YES1, MAP2K7, EPO, ARHGEF2, RET, TP53, SOCS4, IL6R, EPHA2, THY1, DDR1, EPHA8, VEGFA, IRF1, 
SEMA4D, ABL1, ABL2, LRP4, MAP3K11 
1.354873658 1 0.592189409 81.48394793 
GO:0007566~embryo implantation 9 0.643316655 0.081703816 LIF, CALCA, DDR1, BSG, STC2, ITGB3, MMP2, ACVR1C, EPO 1.982284382 1 0.592841186 81.58324472 
GO:0030148~sphingolipid biosynthetic process 9 0.643316655 0.081703816 ELOVL1, ST6GALNAC6, P2RX7, ST8SIA4, ACER2, ST8SIA3, CERS3, B4GALT6, B4GALNT1 1.982284382 1 0.592841186 81.58324472 
GO:0003205~cardiac chamber development 18 1.28663331 0.081814611 FGFR2, DVL3, SOX11, VANGL2, TP53, SMAD4, LUZP1, SRF, PROX1, NOTCH2, SMO, ID2, PPP2CA, STRA6, ADAMTS1, PRDM1, SCN5A, NFATC1 1.52483414 1 0.592846685 81.62730172 
GO:0010996~response to auditory stimulus 5 0.357398142 0.082172754 TACR1, STRA6, NRXN1, SLITRK6, ENTPD1 2.982603816 1 0.594003921 81.76903151 
GO:0044783~G1 DNA damage checkpoint 5 0.357398142 0.082172754 PPP2R5C, TP53, RBM38, CASP2, TP73 2.982603816 1 0.594003921 81.76903151 
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GO:0033561~regulation of water loss via skin 5 0.357398142 0.082172754 FLG, SCD, SRF, TMPRSS13, TMEM79 2.982603816 1 0.594003921 81.76903151 
GO:0048103~somatic stem cell division 5 0.357398142 0.082172754 FGFR2, FGFR1, CDKN2A, VANGL2, NUMBL 2.982603816 1 0.594003921 81.76903151 
GO:0044819~mitotic G1/S transition checkpoint 5 0.357398142 0.082172754 PPP2R5C, TP53, RBM38, CASP2, TP73 2.982603816 1 0.594003921 81.76903151 
GO:0070918~production of small RNA involved in 
gene silencing by RNA 
5 0.357398142 0.082172754 HNRNPA2B1, DICER1, AGO2, LIN28A, LIN28B 2.982603816 1 0.594003921 81.76903151 
GO:0045745~positive regulation of G-protein 
coupled receptor protein signaling pathway 
5 0.357398142 0.082172754 ECE1, KLK5, ITGB3, PTGDR2, ACPP 2.982603816 1 0.594003921 81.76903151 
GO:0006688~glycosphingolipid biosynthetic 
process 
5 0.357398142 0.082172754 ST6GALNAC6, ST8SIA4, ST8SIA3, B4GALT6, B4GALNT1 2.982603816 1 0.594003921 81.76903151 
GO:0031050~dsRNA fragmentation 5 0.357398142 0.082172754 HNRNPA2B1, DICER1, AGO2, LIN28A, LIN28B 2.982603816 1 0.594003921 81.76903151 
GO:0072574~hepatocyte proliferation 4 0.285918513 0.082191907 NOTCH2, RPS6KA1, TNFAIP3, PROX1 3.817732884 1 0.593582222 81.7765814 
GO:0097320~membrane tubulation 4 0.285918513 0.082191907 PACSIN1, SNX33, BIN2, MICALL1 3.817732884 1 0.593582222 81.7765814 
GO:0032495~response to muramyl dipeptide 4 0.285918513 0.082191907 ARHGEF2, NOD1, MAPK14, TNFAIP3 3.817732884 1 0.593582222 81.7765814 
GO:0060576~intestinal epithelial cell 
development 
4 0.285918513 0.082191907 YIPF6, DICER1, SPDEF, PRDM1 3.817732884 1 0.593582222 81.7765814 
GO:0072575~epithelial cell proliferation involved 
in liver morphogenesis 
4 0.285918513 0.082191907 NOTCH2, RPS6KA1, TNFAIP3, PROX1 3.817732884 1 0.593582222 81.7765814 
GO:0042249~establishment of planar polarity of 
embryonic epithelium 
4 0.285918513 0.082191907 SFRP5, DVL3, VANGL2, PAFAH1B1 3.817732884 1 0.593582222 81.7765814 
GO:0061029~eyelid development in camera-type 
eye 
4 0.285918513 0.082191907 SOX11, MAP3K1, STRA6, SRF 3.817732884 1 0.593582222 81.7765814 
GO:0046488~phosphatidylinositol metabolic 
process 
14 1.000714796 0.083387619 PGAP3, CDIPT, IMPAD1, PIK3C2B, PIK3CD, PIP5K1C, SMG1, PI4K2B, MTMR3, PIP5KL1, DPM2, IP6K1, MTMR6, PIP4K2B 1.642876856 1 0.598595677 82.24210133 
GO:0090184~positive regulation of kidney 
development 
7 0.500357398 0.083523792 LIF, SMO, RET, VEGFA, ITGB3, LIN28A, GDNF 2.277624732 1 0.598710397 82.29439466 
GO:0051196~regulation of coenzyme metabolic 
process 
7 0.500357398 0.083523792 PPARA, PDK2, P2RX7, PDK3, TP53, PRKAA2, STAT3 2.277624732 1 0.598710397 82.29439466 
GO:0010464~regulation of mesenchymal cell 
proliferation 
7 0.500357398 0.083523792 FGFR2, FGFR1, SMO, FGF9, VEGFA, FBXW4, NFIB 2.277624732 1 0.598710397 82.29439466 
GO:0015833~peptide transport 30 2.144388849 0.08359778 HMGCR, RBM4, PPM1A, BRSK2, REST, MYT1, ACVR1C, STXBP5L, LIF, FGB, TAP2, RASL10B, IFNG, RBCK1, CDK16, APLN, PSMD9, RAB8B, MADD, IL1RN, RAF1, SMAD2, NRXN1, SSTR5, 
SLC26A6, DGAT1, ARRB1, GPR39, IKBKG, ABAT 
1.350613049 1 0.598540157 82.32274643 
GO:0022407~regulation of cell-cell adhesion 33 2.358827734 0.083912314 PPARA, CD244, VTCN1, ERBB2, ITPKB, CDKN2A, UBASH3B, FGB, IFNG, TRAF6, ZC3H12D, EPO, DENND6A, SIT1, TNFSF4, PODXL, FLOT2, IL1RN, CELSR2, THY1, DUSP3, CCR7, CCR5, 
CXCL13, CD59, CCR2, VEGFA, IRF1, ABAT, ABL1, ABL2, PLA2G2D, SLC46A2 
1.327091136 1 0.599469654 82.44279278 
GO:0045834~positive regulation of lipid 
metabolic process 
15 1.072194425 0.084461548 TNFAIP8L3, PPARA, VAV3, ERBB4, CREB1, ABHD6, AMBRA1, SEC14L2, DGAT1, EPHA8, MLYCD, IFNG, SCARB1, NT5E, ACSL6 1.602593095 1 0.60146132 82.6505622 
GO:0033198~response to ATP 6 0.42887777 0.084948641 P2RX4, P2RX7, P2RX6, DGKQ, ASPH, ENTPD1 2.526440879 1 0.603158619 82.83286844 
GO:0021955~central nervous system neuron 
axonogenesis 
6 0.42887777 0.084948641 PHOX2B, NIN, PAFAH1B1, DCLK1, FBXO45, NFIB 2.526440879 1 0.603158619 82.83286844 
GO:0001782~B cell homeostasis 6 0.42887777 0.084948641 BAK1, BCL2, PIK3CD, IKBKG, TNFAIP3, ABL1 2.526440879 1 0.603158619 82.83286844 
GO:0050817~coagulation 19 1.358112938 0.085027573 FIBP, HPS6, PIK3CD, PIP5K1C, TSPAN8, ITGB3, FAM46A, SRF, MYL9, LBH, UBASH3B, BLOC1S3, FGB, ABAT, ENTPD1, SCARA5, NBEAL2, ANO6, PROS1 1.494579495 1 0.603007906 82.86223903 
GO:0032412~regulation of ion transmembrane 
transporter activity 
19 1.358112938 0.085027573 HCN1, NOS1AP, SCN2B, FGF14, DRD4, CACNB1, CACNB2, CACNB3, NRXN1, CACNG2, PPIF, RASGRF2, RASGRF1, PPP2CA, SCN4B, AKAP6, KLHL24, ASPH, EPO 1.494579495 1 0.603007906 82.86223903 
GO:0018212~peptidyl-tyrosine modification 30 2.144388849 0.085573689 
FGFR2, FGFR1, ERBB4, ERBB3, ERBB2, PEAK1, ITGB3, LIF, SH3BP5L, ERCC6, IFNG, YES1, MAP2K7, EPO, ARHGEF2, RET, TP53, SOCS4, IL6R, EPHA2, THY1, DDR1, EPHA8, VEGFA, IRF1, 
SEMA4D, ABL1, ABL2, LRP4, MAP3K11 
1.346379152 1 0.604958006 83.06414409 
GO:0060021~palate development 11 0.786275911 0.085835031 FRAS1, SGPL1, SOX11, CSRNP1, GDF11, SMAD4, SMAD2, VAX1, ASPH, COL11A2, MMP25 1.78956229 1 0.605622788 83.15996403 
GO:0006665~sphingolipid metabolic process 13 0.929235168 0.086142887 SGPL1, ACER2, ST8SIA3, PSAPL1, CERS3, ELOVL1, ST6GALNAC6, P2RX7, ST8SIA4, NEU1, B4GALT6, CLN6, B4GALNT1 1.67670701 1 0.606492378 83.2721775 
GO:0042752~regulation of circadian rhythm 13 0.929235168 0.086142887 PPARA, ADCY1, USP2, CREB1, CRTC1, DRD4, RBM4, TP53, RORA, PROX1, PPP1CA, ID2, PRKAA2 1.67670701 1 0.606492378 83.2721775 
GO:0006914~autophagy 38 2.716225876 0.086293591 
SNAP29, PACS2, LZTS1, FGF14, HK2, UVRAG, PHF23, CALCOCO2, VPS33A, MTMR3, TRIM65, CDKN2A, NOD1, GMIP, BCL2, IFNG, LSM4, PRKAA2, PHYHIP, HAPLN1, ZDHHC8, EPM2A, 
TP53, AMBRA1, RPL28, FAM131B, SIRT2, SLC35C1, SH3BP4, DRAM2, ATG4D, IST1, ULK3, SVIP, SMURF1, UBA52, TP53INP1, PIP4K2B 1.292225501 1 0.606659218 83.32684995 
GO:1990089~response to nerve growth factor 8 0.571837026 0.086665407 CALCA, FGFR1, ID1, CREB1, SORT1, EHD1, APC, MICALL1 2.082399755 1 0.607807087 83.46101273 
GO:0002682~regulation of immune system 
process 
94 6.719085061 0.086759209 
MASP1, VTCN1, FGF14, PGC, TACR1, ITPKB, RORA, MMP28, MMP2, NLRC5, MYD88, KLHL6, NOD1, CDKN2A, GAB2, IFNG, RBCK1, LSM4, TNIP2, ANO6, MTUS1, RBFOX2, PHYHIP, 
CRTAM, SIT1, FLOT2, SOX11, TP53, PADI2, CDK6, PIGR, NFAM1, THY1, CCR7, VEGFA, CCR2, PRDM1, ATXN1L, TNFAIP3, PLA2G2D, CD300LB, UBA52, MAVS, CD244, HMGB3, ERBB2, 
CACNB3, MAPKAPK2, ITGB3, SEC14L1, CALCA, LIF, GMIP, HIST1H4A, UBASH3B, BLOC1S3, CD69, BCL2, TAP2, PVRL2, TRAF6, ZC3H12D, APC, EPO, ZBTB7A, ESRRA, TNFSF4, VAV3, 
ABR, KLF13, CREB1, TMBIM6, KLK5, MUL1, TRIL, FAM131B, SLC35C1, NOTCH2, DUSP3, P2RX7, ID2, CXCL13, ETS1, IST1, MAPK14, CD59, IRF1, GAS2L1, SMURF1, IRF4, ABL1, THEMIS2, 
MUC5B, SLC46A2 
1.159130785 1 0.60771955 83.4946971 
GO:0006672~ceramide metabolic process 10 0.714796283 0.087147437 ST6GALNAC6, SGPL1, P2RX7, ST8SIA4, ACER2, NEU1, ST8SIA3, CERS3, CLN6, B4GALNT1 1.859285496 1 0.60893299 83.63341843 
GO:0032760~positive regulation of tumor 
necrosis factor production 
9 0.643316655 0.087591345 MAVS, ARHGEF2, MYD88, NOD1, CCR5, CCR2, IFNG, NFATC4, MAPKAPK2 1.95224977 1 0.610384659 83.79067855 
GO:0055024~regulation of cardiac muscle tissue 
development 
9 0.643316655 0.087591345 FGFR2, FGFR1, ERBB4, ERBB3, FGF9, CREB1, MAPK14, AKAP6, TP73 1.95224977 1 0.610384659 83.79067855 
GO:1901019~regulation of calcium ion 
transmembrane transporter activity 
9 0.643316655 0.087591345 NOS1AP, FGF14, PPP2CA, DRD4, CACNB1, CACNB2, AKAP6, CACNB3, ASPH 1.95224977 1 0.610384659 83.79067855 
GO:0042157~lipoprotein metabolic process 14 1.000714796 0.087604483 PPARA, ZDHHC8, ZDHHC7, PPM1A, LYPLA2, ZDHHC18, PPT1, ITGB3, PORCN, ATG4D, ZDHHC9, HHAT, DPM2, SVIP 1.629520134 1 0.609940994 83.79531096 
GO:0050673~epithelial cell proliferation 34 2.430307362 0.087786247 
FGFR2, ERBB4, FGF9, TACR1, ERBB2, BMPR2, BCL2L2, ITGB3, CALCA, VDR, CDKN2A, CDKN2B, AGGF1, IFNG, SCARB1, ATOH8, SCN5A, APC, B4GALT1, RREB1, SOX11, CDK6, PROX1, 
EPHA2, SMO, NOTCH2, RPS6KA1, ID2, SRSF6, ID1, VEGFA, TNFAIP3, IGFBP3, NFIB 1.315570116 1 0.610237514 83.85927087 
GO:0045786~negative regulation of cell cycle 33 2.358827734 0.088321997 
FGFR2, PNPT1, PPP2R5C, ANAPC15, LIF, CGREF1, CDKN2A, CDKN2B, BCL2, IFNG, OVOL1, CTDSP2, CASP2, ZC3H12D, APC, PLA2G16, SOX11, TP53, CDK6, TP73, FOXN3, JMY, NOTCH2, 
ID2, MAPK12, ETS1, IRF1, GAS2L1, RBM38, TNFAIP3, ABL1, RBM14, TP53INP1 1.319677219 1 0.612078426 84.04640132 
GO:0006626~protein targeting to mitochondrion 15 1.072194425 0.088505585 FAM20B, ABLIM3, ZDHHC8, TIMM17B, LRRC46, BAP1, TOMM40, UBE2L3, RPL28, BAG4, DTWD2, HHAT, UBL4B, LEPROT, PLAGL2 1.590722035 1 0.612378181 84.11005089 
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GO:0008585~female gonad development 15 1.072194425 0.088505585 ERMP1, SGPL1, SMAD4, ADRBK1, MMP2, ACVR1C, ARRB1, BCL2, VEGFA, ADAMTS1, DMC1, BMPR1B, LFNG, CASP2, EIF2B5 1.590722035 1 0.612378181 84.11005089 
GO:1903828~negative regulation of cellular 
protein localization 
15 1.072194425 0.088505585 SFRP5, BAG4, LZTS2, PPP2CA, UBE2J1, PPM1A, RHOQ, SVIP, ASTN2, SNX33, YOD1, LEPROT, LRRC15, UBAC2, DCLK1 1.590722035 1 0.612378181 84.11005089 
GO:0001525~angiogenesis 36 2.573266619 0.090143384 
FGFR2, FGFR1, FGF9, DICER1, ANPEP, ITGB3, ENPEP, RORA, MMP2, SRF, STARD13, LIF, BAK1, TSPAN12, WARS, AGGF1, CCBE1, ROBO4, NFATC4, ANGPT2, B4GALT1, PTPRB, COL4A3, 
SASH1, TBX4, NRXN1, MCAM, EPHA2, THY1, HDAC5, HOXB3, CCR5, ETS1, MAPK14, CCR2, VEGFA 
1.29822151 1 0.618943165 84.66729853 
GO:0050865~regulation of cell activation 42 3.002144389 0.090689018 
CD244, HMGB3, VTCN1, TACR1, ERBB2, ITPKB, RORA, MYD88, CDKN2A, GAB2, BLOC1S3, UBASH3B, BCL2, IFNG, PVRL2, TNIP2, TRAF6, ZC3H12D, EPO, SIT1, ABR, VAV3, TNFSF4, 
SOX11, FLOT2, NFAM1, THY1, DUSP3, CCR7, DGAT1, RPS6KA1, ID2, CD59, CCR2, IRF1, ABAT, PRDM1, TNFAIP3, CD300LB, PLA2G2D, MUC5B, SLC46A2 
1.265879851 1 0.620771983 84.84878825 
GO:0010927~cellular component assembly 
involved in morphogenesis 
27 1.929949964 0.090971319 
SNAP29, RP1, KIF24, PKHD1, ABLIM3, ONECUT2, DICER1, CEP164, SRF, RAB3IP, TMEM231, TTC30B, PVRL2, PAFAH1B1, CNTNAP1, LMOD1, EHD1, GPC1, SEC23IP, RAB8B, VANGL2, 
PCDH15, CELSR2, PROX1, KRT19, ABCC4, WDR1 
1.365884998 1 0.621473109 84.94188502 
GO:0007157~heterophilic cell-cell adhesion via 
plasma membrane cell adhesion molecules 
7 0.500357398 0.090983331 AMIGO2, CRTAM, FAT4, TENM2, PVRL2, NRXN1, SCARF2 2.227010849 1 0.621026793 84.94583403 
GO:0051193~regulation of cofactor metabolic 
process 
7 0.500357398 0.090983331 PPARA, PDK2, P2RX7, PDK3, TP53, PRKAA2, STAT3 2.227010849 1 0.621026793 84.94583403 
GO:2000351~regulation of endothelial cell 
apoptotic process 
7 0.500357398 0.090983331 FGB, CD248, TNFAIP3, ABL1, TNIP2, ABL2, ANO6 2.227010849 1 0.621026793 84.94583403 
GO:0031016~pancreas development 11 0.786275911 0.090983704 BAK1, SMO, RBM4, ONECUT2, GDF11, SMAD2, CDK6, IL6R, MYT1, PROX1, APC 1.769454848 1 0.620531812 84.94595683 
GO:0045937~positive regulation of phosphate 
metabolic process 
84 6.004288778 0.091116193 
FGF9, HMGCR, BAG4, DIRAS1, MYD88, NOD1, MAP3K9, IFNG, PELI2, MAP2K7, APLN, ADAM9, ARHGEF2, RET, MADD, VANGL2, TP53, IL6R, PROX1, THY1, GRB10, KSR2, ARRB1, 
VEGFA, CCR2, CEMIP, SEMA4C, MAP3K10, AKAP6, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FGFR2, MAVS, TNFAIP8L3, FGFR1, CD244, FFAR4, ERBB4, ERBB3, MRAP, ERBB2, PTH1R, 
DRD4, BMPR2, GPR65, ITGB3, CALCA, LIF, TNFRSF1B, ECE1, ERCC6, MAP3K3, FGB, BCL2, MAP3K1, PPP2CA, PRKAA2, YES1, TRAF6, EPO, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, 
IL1RN, SMAD4, MUL1, RAF1, AMBRA1, TP73, STAT3, AJUBA, P2RX7, EPHA8, IKBKG, GDF11, PPP2R4, ABL1, IGFBP3, ABL2, LRP4 
1.16869374 1 0.620597346 84.98945013 
GO:0010562~positive regulation of phosphorus 
metabolic process 
84 6.004288778 0.091116193 
FGF9, HMGCR, BAG4, DIRAS1, MYD88, NOD1, MAP3K9, IFNG, PELI2, MAP2K7, APLN, ADAM9, ARHGEF2, RET, MADD, VANGL2, TP53, IL6R, PROX1, THY1, GRB10, KSR2, ARRB1, 
VEGFA, CCR2, CEMIP, SEMA4C, MAP3K10, AKAP6, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FGFR2, MAVS, TNFAIP8L3, FGFR1, CD244, FFAR4, ERBB4, ERBB3, MRAP, ERBB2, PTH1R, 
DRD4, BMPR2, GPR65, ITGB3, CALCA, LIF, TNFRSF1B, ECE1, ERCC6, MAP3K3, FGB, BCL2, MAP3K1, PPP2CA, PRKAA2, YES1, TRAF6, EPO, DVL3, SASH1, LAMTOR3, VAV3, TAOK1, 
IL1RN, SMAD4, MUL1, RAF1, AMBRA1, TP73, STAT3, AJUBA, P2RX7, EPHA8, IKBKG, GDF11, PPP2R4, ABL1, IGFBP3, ABL2, LRP4 
1.16869374 1 0.620597346 84.98945013 
GO:1903531~negative regulation of secretion by 
cell 
20 1.429592566 0.091277238 TNFSF4, ABR, FFAR4, HMGCR, MADD, TMBIM6, IL1RN, DRD4, NEO1, ASIC1, REST, ACVR1C, STXBP5L, LIF, TRIM9, CCR2, VPS4B, ABAT, ENTPD1, PSMD9 1.460867175 1 0.620783513 85.04215705 
GO:0048660~regulation of smooth muscle cell 
proliferation 
14 1.000714796 0.091952332 FGFR2, HMGCR, TACR1, TP53, IL6R, ITGB3, MYD88, ID2, VEGFA, IFNG, ABCC4, TNFAIP3, TRAF6, IGFBP3 1.616378842 1 0.623133192 85.26119595 
GO:0030902~hindbrain development 19 1.358112938 0.092008459 PHOX2B, RBFOX2, TP53, NRXN1, RORA, PROX1, ACVR1C, HOXB3, SMO, SSTR3, CDKN2A, BCL2, ARCN1, SEMA4C, ABAT, ABL1, ABL2, SCN5A, NFIB 1.478334065 1 0.622874813 85.27926914 
GO:0050890~cognition 28 2.001429593 0.092122974 
ADCY1, HMGCR, CPEB3, CRTC1, TACR1, DRD4, PPT1, SRF, KCNK10, BHLHB9, SLC24A2, STRA6, PAFAH1B1, SLC8A2, NTF4, CREB1, IL1RN, EPM2A, GRIN2A, ASIC1, NRXN1, BTBD9, 
ATXN1, SLC17A7, PPP1R9B, BTG2, ABL1, ABL2 
1.354263354 1 0.622861756 85.31607767 
GO:0010950~positive regulation of 
endopeptidase activity 
15 1.072194425 0.092669448 COL4A3, RET, ACER2, MUL1, REST, ACVR1C, BAK1, NOD1, CDKN2A, BBC3, ARRB1, PPP2CA, CYFIP2, ASPH, PERP 1.57902555 1 0.624653269 85.49053149 
GO:0038066~p38MAPK cascade 5 0.357398142 0.092675294 SASH1, MAP3K3, MAPK14, VEGFA, MAPKAPK2 2.863299663 1 0.624185596 85.49238703 
GO:0033077~T cell differentiation in thymus 10 0.714796283 0.092750626 CCR7, CDKN2A, ERBB2, BCL2, TP53, CDK6, ITPKB, LIG4, SRF, APC 1.835448502 1 0.624008087 85.5162778 
GO:0019226~transmission of nerve impulse 10 0.714796283 0.092750626 P2RX4, P2RX7, CHRM5, KCNA1, IFNG, CNTNAP1, PAFAH1B1, CACNG2, SCN5A, SCN4A 1.835448502 1 0.624008087 85.5162778 
GO:0030036~actin cytoskeleton organization 45 3.216583274 0.093060217 
LIMA1, SHTN1, TACR1, ABLIM3, BRSK2, GPR65, RHOQ, SRF, CORO2B, BAG4, CORO2A, PACSIN1, BCL2, MAP3K1, WIPF2, PAFAH1B1, LMOD1, IQSEC3, IQSEC2, SYNPO, PARVG, FMNL3, 
ARHGEF2, ABR, LIMK1, BAIAP2L1, ARHGEF18, ERMN, PCDH15, PROX1, RUFY3, JMY, CORO1C, PPP1R9B, KRT19, ATXN3, ID1, ARRB1, LIMCH1, OPHN1, WDR1, ABL1, ABL2, MYO18A, 
ADD2 
1.25338993 1 0.624804732 85.61406976 
GO:0045453~bone resorption 8 0.571837026 0.093404992 CALCA, P2RX7, RAB3D, UBASH3B, VEGFA, PTH1R, ITGB3, TRAF6 2.045214045 1 0.625743612 85.72223742 
GO:0048538~thymus development 8 0.571837026 0.093404992 JARID2, BCL2, RAF1, ABL1, SRF, APC, PSMB9, SLC46A2 2.045214045 1 0.625743612 85.72223742 
GO:0048730~epidermis morphogenesis 6 0.42887777 0.09370438 FGFR2, SMO, FOXQ1, BCL2, DICER1, TMEM79 2.454256854 1 0.62649101 85.81553866 
GO:0071869~response to catecholamine 6 0.42887777 0.09370438 ID1, IL1RN, AKAP6, ABL1, HCN3, SIRT2 2.454256854 1 0.62649101 85.81553866 
GO:0060043~regulation of cardiac muscle cell 
proliferation 
6 0.42887777 0.09370438 FGFR2, FGFR1, ERBB4, FGF9, MAPK14, TP73 2.454256854 1 0.62649101 85.81553866 
GO:0048010~vascular endothelial growth factor 
receptor signaling pathway 
6 0.42887777 0.09370438 GRB10, FGF9, MAPK14, VEGFA, BMPR2, MAPKAPK2 2.454256854 1 0.62649101 85.81553866 
GO:0048566~embryonic digestive tract 
development 
6 0.42887777 0.09370438 FGFR2, TCF7, ID2, FGF9, SOX11, STRA6 2.454256854 1 0.62649101 85.81553866 
GO:1903557~positive regulation of tumor 
necrosis factor superfamily cytokine production 
9 0.643316655 0.093719068 MAVS, ARHGEF2, MYD88, NOD1, CCR5, CCR2, IFNG, NFATC4, MAPKAPK2 1.923111714 1 0.626062781 85.8201012 
GO:0001894~tissue homeostasis 21 1.501072194 0.093756081 RP1, MUC2, LIPA, ERBB4, RAB3D, PTH1R, PCDH15, ITGB3, PIGR, SRF, CALCA, SMO, P2RX7, DRAM2, ERCC6, UBASH3B, BCL2, VEGFA, SLC28A2, TRAF6, COL11A2 1.438499831 1 0.625727251 85.83159219 
GO:0001934~positive regulation of protein 
phosphorylation 
72 5.146533238 0.094644416 
FGF9, HMGCR, BAG4, DIRAS1, MYD88, NOD1, MAP3K9, IFNG, PELI2, MAP2K7, ADAM9, ARHGEF2, RET, MADD, VANGL2, TP53, IL6R, PROX1, THY1, KSR2, ARRB1, VEGFA, CCR2, 
CEMIP, MAP3K10, SEMA4C, AKAP6, SEMA4D, MAP3K13, PLA2G5, MAP3K11, FGFR2, MAVS, TNFAIP8L3, FGFR1, ERBB4, FFAR4, ERBB3, ERBB2, DRD4, BMPR2, ITGB3, CALCA, LIF, 
TNFRSF1B, ERCC6, MAP3K3, FGB, BCL2, PPP2CA, MAP3K1, YES1, TRAF6, EPO, DVL3, SASH1, LAMTOR3, TAOK1, IL1RN, SMAD4, MUL1, RAF1, TP73, AJUBA, P2RX7, EPHA8, IKBKG, 
GDF11, ABL1, IGFBP3, ABL2, LRP4 
1.183453363 1 0.628886044 86.10474324 
GO:0008217~regulation of blood pressure 19 1.358112938 0.095632598 PPARA, CYP11B2, TACR1, BMPR2, ENPEP, PTPRO, AGTRAP, LNPEP, CALCA, P2RX4, PLCB3, ECE1, ID2, RASL10B, LVRN, ABAT, GRIP2, APLN, CACNA1B 1.47034307 1 0.632417713 86.40271863 
GO:0097193~intrinsic apoptotic signaling 
pathway 
26 1.858470336 0.095647438 
PDK2, E2F2, SYVN1, MCL1, TMBIM6, PPP2R5C, TP53, BRSK2, BCL2L2, BCL2L12, EPHA2, TP73, JMY, PPIF, BAK1, TRIAP1, TNFRSF1B, ERCC6, BBC3, BCL2, AEN, IKBKG, NFATC4, PERP, 
EPO, PLAGL2 
1.36848881 1 0.63199147 86.40714679 
GO:0030900~forebrain development 39 2.787705504 0.09574674 
FGFR2, FGFR1, NRG3, CCDC85C, ERBB4, EFNA2, DICER1, KCNA1, BCAN, SRF, ACVR1C, FAT4, ALDH1A3, LHX6, PAFAH1B1, SCN5A, FBXO45, DCLK1, SLC8A2, RAX, NIN, CREB1, 
SECISBP2, GRIN2A, PROX1, TP73, TACC2, NUMBL, SMO, PPP1R9B, SLC4A10, SSTR3, CCR5, BTG2, ID2, ETS1, NCOR2, NFIB, SRGAP2 
1.274756699 1 0.631907417 86.43674312 
GO:0043982~histone H4-K8 acetylation 4 0.285918513 0.09612205 JADE2, KANSL2, WDR5, PHF20 3.579124579 1 0.632936687 86.54805053 
GO:0050779~RNA destabilization 4 0.285918513 0.09612205 TNFRSF1B, CPEB3, TRIM71, ZC3H12D 3.579124579 1 0.632936687 86.54805053 
GO:0060055~angiogenesis involved in wound 
healing 
4 0.285918513 0.09612205 B4GALT1, ETS1, MCAM, STARD13 3.579124579 1 0.632936687 86.54805053 
GO:0072401~signal transduction involved in DNA 
integrity checkpoint 
4 0.285918513 0.09612205 PPP2R5C, TP53, RBM38, CASP2 3.579124579 1 0.632936687 86.54805053 
GO:0000289~nuclear-transcribed mRNA poly(A) 4 0.285918513 0.09612205 PAN2, BTG2, CPEB3, AGO2 3.579124579 1 0.632936687 86.54805053 
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tail shortening 
GO:0043981~histone H4-K5 acetylation 4 0.285918513 0.09612205 JADE2, KANSL2, WDR5, PHF20 3.579124579 1 0.632936687 86.54805053 
GO:0046851~negative regulation of bone 
remodeling 4 0.285918513 0.09612205 CALCA, P2RX7, UBASH3B, VEGFA 3.579124579 1 0.632936687 86.54805053 
GO:0060307~regulation of ventricular cardiac 
muscle cell membrane repolarization 4 0.285918513 0.09612205 NOS1AP, SCN4B, WDR1, SCN5A 3.579124579 1 0.632936687 86.54805053 
GO:0072422~signal transduction involved in DNA 
damage checkpoint 4 0.285918513 0.09612205 PPP2R5C, TP53, RBM38, CASP2 3.579124579 1 0.632936687 86.54805053 
GO:0006820~anion transport 48 3.431022159 0.09625357 
FGFR1, TNFAIP8L3, ENPP1, LRRC8A, SLC38A9, SLC22A13, LRRC8B, DRD4, ATP10D, AQP6, SLC19A1, GDNF, SLC7A6, SLCO2A1, TRIAP1, SLC1A5, SLC23A2, SLC4A8, SCARB1, ENTPD1, 
SLC4A4, ANO6, APBA1, ACSL6, GABRP, SLC12A3, IL1RN, PCTP, SLC6A15, SLC6A17, SLCO2B1, ANKH, SLC17A7, SH3BP4, P2RX7, SLC4A10, SLC26A6, SLC16A6, SLC7A1, SLC25A10, 
SLC26A9, SLC37A2, ABCC4, ABAT, ABCC5, PLA2G5, SLC46A1, SLC27A4 
1.238183638 1 0.632981641 86.58685019 
GO:0001656~metanephros development 11 0.786275911 0.096313131 LIF, FRAS1, SMO, RET, ID2, FAT4, BCL2, GDF11, SMAD4, ID3, GDNF 1.749794239 1 0.6327374 86.60438652 
GO:0033555~multicellular organismal response 
to stress 11 0.786275911 0.096313131 HDAC5, CALCA, RET, FBXL20, TACR1, BCL2, DRD4, USP46, SEPN1, KCNIP3, CACNA1B 1.749794239 1 0.6327374 86.60438652 
GO:0007009~plasma membrane organization 27 1.929949964 0.096722925 
PACS2, PPIL2, RHOQ, MTSS1L, LRRC15, KCNIP3, BAG4, PACSIN1, FAT4, IFNG, ANO3, SH3TC2, ANO6, BSG, TTC7A, BAIAP2L1, FLOT2, TSPAN14, NRXN1, APPL1, EPHA2, MICALL1, 
PPP1R9B, P2RX7, SNX33, BIN2, SPTB 1.356299841 1 0.633898248 86.72445041 
GO:0071396~cellular response to lipid 48 3.431022159 0.098238836 
CDK19, PPARA, PDIA3, ELK1, REST, RORA, MMP2, GDNF, NR2C1, VDR, TNFRSF1B, MYD88, PPP2CA, IFNG, SCARB1, PRKAA2, HCN4, ENTPD1, TNIP2, YES1, TRAF6, ADAM9, SASH1, 
ESRRA, RET, TNFSF4, CREB1, PDK3, ESRRG, GRIN2A, UBE2L3, HDAC5, SSTR5, SMO, PPP1R9B, UGT2B17, SSTR3, CCR5, MAPK14, VEGFA, IRF1, ADAMTS1, PRDM1, ID3, TNFAIP3, ABL1, 
CD300LB, ABL2 
1.235956689 1 0.639439933 87.15976958 
GO:0051248~negative regulation of protein 
metabolic process 
86 6.147248034 0.098369155 
MASP1, CPEB3, HMGCR, RBM4, LRRC15, BAK1, TRIAP1, BAG4, EIF4EBP1, CSNK2A1, CDKN2A, CDKN2B, CTDSP2, TLK2, YOD1, ZFYVE1, EIF2B5, CEP85, PPP1R37, LIMK1, FLOT2, TP53, 
UBE2J1, GRIN2A, SOCS4, CAMSAP3, RNF222, UBN1, BCL2L12, THY1, ANKRD26, BTG2, ARFGEF3, ARRB1, SERPINB8, VEGFA, OPHN1, MVK, SEMA4D, TNFAIP3, ENPP1, RTN4RL1, ELL, 
ANAPC15, ITGB3, UBAC2, TRIM71, FEM1A, TRIB2, LIF, SH3BP5L, AKT1S1, CRB2, UBASH3B, PPP2CA, KLHL40, AGO2, PAFAH1B1, UNK, ZC3H12D, APC, JARID2, ACER2, MYO1D, SMAD4, 
FURIN, TP73, SIRT2, CORO1C, SFRP5, PPP1R9B, DUSP3, P2RX7, CSRNP3, RPS6KA1, OTUB1, CD59, IRF1, KDM4B, SVIP, PPP2R4, DNAJB2, ABL1, IGFBP3, DUSP7, DUSP6 
1.161527222 1 0.639471906 87.19655313 
GO:0009612~response to mechanical stimulus 26 1.858470336 0.098508992 
TACR1, CYP11B2, KCNA1, ITGB3, MMP2, BAK1, MYD88, ECE1, MAP3K1, ANO3, STRA6, ENTPD1, CASP2, ANGPT2, GRIN2A, RAF1, PCDH15, SUN1, NRXN1, P2RX7, BTG2, ETS1, 
MAPK14, IRF1, SLITRK6, CHRNA10 
1.36347603 1 0.639541318 87.23591224 
GO:0031123~RNA 3'-end processing 10 0.714796283 0.098559749 PAPOLA, ELAC2, BTG2, CPEB3, PNPT1, CPSF6, AGO2, LIN28A, LIN28B, RNF40 1.812214977 1 0.639260479 87.25017 
GO:0006986~response to unfolded protein 10 0.714796283 0.098559749 BAK1, BFAR, SYVN1, STC2, TMBIM6, IFNG, YOD1, RNF121, EDEM1, DNAJB5 1.812214977 1 0.639260479 87.25017 
GO:0008344~adult locomotory behavior 12 0.85775554 0.098700722 HOXD9, ATXN1, NTF4, ID2, FGF14, DRD4, ARCN1, PPT1, PCDH15, PAFAH1B1, SLITRK6, BTBD9 1.68429392 1 0.6393346 87.28969034 
GO:0042107~cytokine metabolic process 12 0.85775554 0.098700722 MYD88, NOD1, REL, CEBPG, CCR2, IFNG, IRF1, UBE2J1, IRF4, MAPKAPK2, TRAF6, TRIB2 1.68429392 1 0.6393346 87.28969034 
GO:0050808~synapse organization 22 1.572551823 0.099326075 FGFR2, ACHE, ERBB4, ERBB2, CACNB1, CACNB2, BSN, CACNB3, FRMPD4, NRXN1, CACNG2, GDNF, CALCA, AMIGO2, CBLN2, BHLHB9, DRP2, NFATC4, SLITRK6, NCAN, LRP4, FBXO45 1.412389968 1 0.641303709 87.46360345 
Table S4.3: GOTERMS_BP-miR490* 
Term Count % PValue Genes Fold 
Enrichment 
Bonferroni Benjamini FDR 
GO:0098742~cell-cell adhesion via plasma-
membrane adhesion molecules 
18 5.142857143 2.18E-08 
PCDHA6, PCDHA7, BMP2, PCDHA8, PTPRD, PCDHA9, PCDHB5, ROBO1, PCDHA4, CDH19, PCDHA10, PCDHA11, PCDHA12, NRXN1, CXADR, 
PCDHA13, PCDHAC2, PCDHAC1 
5.634690422 8.98E-05 8.98E-05 4.07E-05 
GO:0007156~homophilic cell adhesion via plasma 
membrane adhesion molecules 
14 4 7.56E-07 PCDHA6, PCDHA7, PCDHA8, PCDHA9, PCDHB5, ROBO1, PCDHA4, CDH19, PCDHA10, PCDHA11, PCDHA12, PCDHA13, PCDHAC2, PCDHAC1 5.885121107 0.003105192 0.001553803 0.001409695 
GO:0050905~neuromuscular process 10 2.857142857 1.80E-04 CAMTA1, CLN3, SCN1A, FGF14, KCNA1, SOX2, PDE8B, PARK2, NRXN1, GCH1 4.987390769 0.523556107 0.218964834 0.335498756 
GO:0030029~actin filament-based process 24 6.857142857 2.32E-04 
CLN3, TF, CCDC88A, ROCK1, PLEK, DIAPH3, PARK2, KCNA5, KCNJ2, CXADR, DAAM1, ARHGAP26, RUFY3, EPHA3, ELMO1, PPM1E, FRMD6, 
ANK2, NPHS2, NPHS1, STC1, LMOD1, CDC42EP3, PARVA 2.357978407 0.6153173 0.212454483 0.432096882 
GO:0007612~learning 11 3.142857143 3.31E-04 CLN3, FOS, KMT2A, SLC6A1, EPM2A, TANC1, PDE8B, PARK2, NRXN1, PLCB1, FOXP2 4.149764883 0.743620605 0.238312859 0.615056208 
GO:0050890~cognition 15 4.285714286 5.46E-04 CLN3, SLC6A1, KMT2A, EPM2A, TANC1, ESR2, NRXN1, PARK2, FOXP2, FOS, EIF4EBP2, HTR7, PDE8B, DOPEY2, PLCB1 2.982324885 0.894125535 0.312195196 1.012674155 
GO:0007155~cell adhesion 38 10.85714286 5.64E-04 
PCDHA6, PCDHA7, ATP1B1, EMCN, PCDHA8, PCDHA9, ONECUT1, SPOCK2, PCDHA4, SOX2, FERMT2, FERMT1, PDE3B, CXADR, PCDHAC2, 
PCDHAC1, ROBO1, PCDHA10, PCDHA11, MSN, PCDHA12, PCDHA13, FNDC3A, PTPRK, BMP2, PTPRD, ROCK1, PCDHB5, PLEK, MALT1, NRXN1, 
NLRP3, PLG, EPHA3, IL20RB, NPHS1, CDH19, PARVA 
1.800600661 0.901834044 0.282214941 1.046586741 
GO:0071822~protein complex subunit organization 45 12.85714286 6.00E-04 
TF, NDUFAF6, KMT2A, SLC6A1, LMO4, SLF2, FERMT2, KCNA1, BORA, KRT20, KCNA5, KCNJ2, GCH1, KCNS3, MAP10, RRN3, SEH1L, TRIM9, 
TMEM33, COL6A1, MSN, LMOD1, TUBB1, CDC42EP3, CHRNA2, NACC2, KIF11, ROCK1, PLEK, YWHAB, MALT1, MTRF1L, NRXN1, PARK2, 
NLRP3, ETF1, ECT2, RUFY3, PPM1E, RNF4, TRIM34, NBR1, NPHS1, TXNRD1, PARVA 
1.686818152 0.915373409 0.265590382 1.113131733 
GO:0007611~learning or memory 14 4 6.06E-04 CLN3, SLC6A1, KMT2A, EPM2A, TANC1, ESR2, NRXN1, PARK2, FOXP2, FOS, EIF4EBP2, HTR7, PDE8B, PLCB1 3.109120585 0.917315511 0.241922192 1.12353758 
GO:0022610~biological adhesion 38 10.85714286 6.48E-04 
PCDHA6, PCDHA7, ATP1B1, EMCN, PCDHA8, PCDHA9, ONECUT1, SPOCK2, PCDHA4, SOX2, FERMT2, FERMT1, PDE3B, CXADR, PCDHAC2, 
PCDHAC1, ROBO1, PCDHA10, PCDHA11, MSN, PCDHA12, PCDHA13, FNDC3A, PTPRK, BMP2, PTPRD, ROCK1, PCDHB5, PLEK, MALT1, NRXN1, 
NLRP3, PLG, EPHA3, IL20RB, NPHS1, CDH19, PARVA 
1.786218866 0.930527159 0.234083358 1.201534139 
GO:0044708~single-organism behavior 20 5.714285714 6.69E-04 
OPRM1, CLN3, SCN1A, SLC6A1, KMT2A, FGF14, EPM2A, TANC1, ESR2, PARK2, NRXN1, ADCYAP1, FOXP2, EPHA4, FOS, EIF4EBP2, HTR7, 
PDE8B, PBX3, PLCB1 2.416887518 0.936213745 0.221356204 1.239770759 
GO:0098609~cell-cell adhesion 28 8 8.65E-04 
PCDHA6, PCDHA7, PCDHA8, EMCN, PCDHA9, PCDHA4, SOX2, CXADR, PCDHAC2, PCDHAC1, ROBO1, PCDHA10, PCDHA11, MSN, PCDHA12, 
PCDHA13, FNDC3A, BMP2, PTPRD, ROCK1, PCDHB5, PLEK, MALT1, NRXN1, NLRP3, IL20RB, CDH19, PARVA 1.992544027 0.971508238 0.256593065 1.599890776 
GO:0021536~diencephalon development 8 2.285714286 9.53E-04 ALDH1A2, BMP2, ETS1, SOX2, ZEB2, ESR2, SEMA3A, ADCYAP1 5.117496615 0.980172137 0.260358581 1.761454452 
GO:0070271~protein complex biogenesis 37 10.57142857 0.001355154 
NDUFAF6, KMT2A, SLC6A1, LMO4, SLF2, KCNA1, FERMT2, KCNA5, KCNJ2, GCH1, KCNS3, MAP10, RRN3, SEH1L, TRIM9, TMEM33, COL6A1, 
MSN, LMOD1, TUBB1, CDC42EP3, CHRNA2, NACC2, KIF11, PLEK, YWHAB, MALT1, NRXN1, PARK2, NLRP3, ECT2, RNF4, TRIM34, NBR1, 
NPHS1, TXNRD1, PARVA 
1.732294996 0.996212972 0.328538181 2.495882314 
GO:0006461~protein complex assembly 37 10.57142857 0.001355154 
NDUFAF6, KMT2A, SLC6A1, LMO4, SLF2, KCNA1, FERMT2, KCNA5, KCNJ2, GCH1, KCNS3, MAP10, RRN3, SEH1L, TRIM9, TMEM33, COL6A1, 
MSN, LMOD1, TUBB1, CDC42EP3, CHRNA2, NACC2, KIF11, PLEK, YWHAB, MALT1, NRXN1, PARK2, NLRP3, ECT2, RNF4, TRIM34, NBR1, 1.732294996 0.996212972 0.328538181 2.495882314 
 284 
NPHS1, TXNRD1, PARVA 
GO:0043933~macromolecular complex subunit 
organization 58 16.57142857 0.001634589 
NDUFAF6, SLC6A1, LMO4, FERMT2, BORA, RRN3, MYOCD, SEH1L, TRIM9, MSN, LMOD1, TUBB1, CHRNA2, KIF11, FECH, ROCK1, HMG20A, 
NRXN1, GTF2H5, NLRP3, ECT2, EYA3, PPM1E, TRIM34, NBR1, TXNRD1, PARVA, TF, KMT2A, SLF2, KCNA1, KCNA5, PAXBP1, KRT20, KCNJ2, 
GCH1, KCNS3, MAP10, ELK4, TMEM33, COL6A1, CDC42EP3, BAHD1, NACC2, PLEK, YWHAB, MTRF1L, MALT1, PARK2, DACH1, ETF1, TET1, 
RUFY3, MTTP, PHF19, RNF4, NPHS1, SETD3 
1.490554691 0.998801792 0.361390342 3.003151164 
GO:0071496~cellular response to external stimulus 22 6.285714286 0.001717707 
CLN3, ATP1B1, LRSAM1, BMP2, SCN1A, SLC6A1, FGF14, TBK1, EPM2A, TXLNA, PARK2, TLR5, KCNJ2, RRAGD, KANK2, FOS, TNFRSF10B, 
MYOCD, NBR1, PIKFYVE, PIK3CA, FANCF 
2.122502694 0.999149157 0.357141196 3.153555924 
GO:0010033~response to organic substance 70 20 0.001776285 
OPRM1, FGF5, NAMPT, SLC6A1, FGF14, FERMT2, PDE3B, TLR5, KANK2, FOS, GSTM3, EIF4EBP2, BRINP2, LONP2, MYOCD, ANK2, ROBO1, 
SOSTDC1, PAX8, GUCY1A3, PIK3CA, MSN, NR2F2, PLCB1, HTR5A, CHRNA2, USP13, IRAK2, PTPRK, FECH, ESR2, UBR1, NLRP3, UFL1, 
TNFRSF10B, CHRDL1, IL20RB, ZFYVE27, HTR7, STC1, ADSS, TF, ONECUT1, SOX2, KCNA5, RRAGD, CCNG1, GCH1, ADCYAP1, ALDH1A2, 
TRDMT1, GYS2, COL6A1, COL4A3, BMP2, LAMTOR3, MAT2A, FOXRED2, AFF3, MALT1, PARK2, EPHA3, NOTCH2, RPS6KA3, TNFSF10, NREP, 
TFRC, RNF4, ETS1, UBXN8 
1.415178556 0.99933157 0.349513068 3.259423267 
GO:0032104~regulation of response to extracellular 
stimulus 
13 3.714285714 0.001800707 OPRM1, CLN3, ATP1B1, LRSAM1, SLC6A1, TBK1, PIKFYVE, EPM2A, PIK3CA, FANCF, TXLNA, PARK2, KANK2 2.908995224 0.999395545 0.337498446 3.303528261 
GO:0032107~regulation of response to nutrient 
levels 
13 3.714285714 0.001800707 OPRM1, CLN3, ATP1B1, LRSAM1, SLC6A1, TBK1, PIKFYVE, EPM2A, PIK3CA, FANCF, TXLNA, PARK2, KANK2 2.908995224 0.999395545 0.337498446 3.303528261 
GO:0070252~actin-mediated cell contraction 6 1.714285714 0.001823656 FRMD6, ROCK1, ANK2, KCNA5, KCNJ2, PARVA 6.790524355 0.999450069 0.326345405 3.344954389 
GO:0065003~macromolecular complex assembly 42 12 0.0022587 
NDUFAF6, KMT2A, SLC6A1, LMO4, SLF2, KCNA1, FERMT2, KCNA5, KCNJ2, GCH1, KCNS3, MAP10, RRN3, SEH1L, TRIM9, TMEM33, COL6A1, 
MSN, LMOD1, TUBB1, CDC42EP3, BAHD1, CHRNA2, NACC2, KIF11, FECH, PLEK, YWHAB, MALT1, DACH1, NRXN1, PARK2, GTF2H5, NLRP3, 
ECT2, MTTP, RNF4, TRIM34, NBR1, NPHS1, TXNRD1, PARVA 
1.612361947 0.999908418 0.371810885 4.127123168 
GO:0050769~positive regulation of neurogenesis 18 5.142857143 0.00240177 OPRM1, TF, PTPRD, BMP2, SOX2, ZEB2, PARK2, ECT2, RUFY3, ADCYAP1, EPHA3, UFL1, EPHA4, BRINP2, RRN3, ROBO1, HTR7, SEMA3A 2.28795205 0.999949217 0.375531903 4.383036706 
GO:0008045~motor neuron axon guidance 5 1.428571429 0.002502771 EPHA4, SEMA3A, LHX9, MYCBP2, EPHA3 8.654589864 0.999966511 0.373982509 4.563311717 
GO:0080135~regulation of cellular response to 
stress 
24 6.857142857 0.002659065 CLN3, TF, ATP1B1, LRSAM1, BMP2, FECH, NACC2, SLC6A1, TAOK1, TBK1, SLF2, EPM2A, ZEB2, TXLNA, PARK2, GCH1, EYA3, EPHA4, NBR1, 
PIKFYVE, PIK3CA, FANCF, PLCB1, USP13 
1.967171401 0.999982418 0.378753774 4.841644849 
GO:0030048~actin filament-based movement 7 2 0.002838353 FRMD6, ROCK1, ANK2, STC1, KCNA5, KCNJ2, PARVA 4.963355151 0.999991605 0.385530441 5.159978773 
GO:0032106~positive regulation of response to 
extracellular stimulus 
10 2.857142857 0.003477702 OPRM1, ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, PIK3CA, FANCF, TXLNA, PARK2 3.287777155 0.999999399 0.436173872 6.286989445 
GO:0032109~positive regulation of response to 
nutrient levels 
10 2.857142857 0.003477702 OPRM1, ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, PIK3CA, FANCF, TXLNA, PARK2 3.287777155 0.999999399 0.436173872 6.286989445 
GO:0032970~regulation of actin filament-based 
process 
14 4 0.00384991 FRMD6, PPM1E, CCDC88A, ROCK1, ANK2, PLEK, NPHS1, STC1, PARK2, LMOD1, KCNA5, KCNJ2, CDC42EP3, EPHA3 2.527352623 0.999999871 0.45667798 6.937248153 
GO:0042391~regulation of membrane potential 15 4.285714286 0.003881847 OPRM1, CLN3, ATP1B1, SCN1A, KMT2A, FGF14, KCNA1, NRXN1, KCNA5, PARK2, KCNJ2, CXADR, ADCYAP1, SLC26A4, ANK2 2.418542921 0.999999887 0.446969047 6.992843811 
GO:0051962~positive regulation of nervous system 
development 
19 5.428571429 0.004064416 OPRM1, TF, PTPRD, BMP2, SOX2, ZEB2, PARK2, NRXN1, ECT2, RUFY3, ADCYAP1, EPHA3, UFL1, EPHA4, BRINP2, RRN3, ROBO1, HTR7, 
SEMA3A 
2.113748602 0.999999947 0.450147266 7.310055289 
GO:0033043~regulation of organelle organization 34 9.714285714 0.00410438 ATP1B1, KMT2A, SLC6A1, SLF2, BTC, BORA, ZEB2, TXLNA, PAXBP1, MYCBP2, MYOCD, TRIM9, PIKFYVE, PIK3CA, FANCF, MSN, LMOD1, PLCB1, 
CDC42EP3, LRSAM1, KIF11, CCDC88A, ROCK1, PLEK, TAOK1, PARK2, ECT2, TET1, EPHA3, TNFSF10, PPM1E, PHF19, RNF4, NPHS1 
1.66467652 0.999999955 0.441873926 7.379356162 
GO:0009605~response to external stimulus 58 16.57142857 0.004238952 
OPRM1, ATP1B1, SLC6A1, TBK1, FGF14, TLR5, TXLNA, CXADR, KANK2, FOS, SLC25A25, MYOCD, UNC5B, ROBO1, GUCY1A3, PIK3CA, FANCF, 
SEMA3A, IRAK2, CLN3, FECH, NRXN1, ESR2, NLRP3, TNFRSF10B, IL20RB, HTR7, NBR1, STC1, FBXL3, PARVA, SCN1A, KCNA1, SOX2, KCNA5, 
RRAGD, KCNJ2, GCH1, MYCBP2, ADCYAP1, ALDH1A2, PIKFYVE, LHX9, BMP2, LRSAM1, PLEK, AIMP1, EPM2A, MALT1, PARK2, PLG, FOXP2, 
EPHA3, EPHA4, NOTCH2, RPS6KA3, TFRC, ETS1 
1.428188386 0.999999974 0.441362243 7.612352982 
GO:0016236~macroautophagy 14 4 0.004291488 CLN3, ATP1B1, SCN1A, LRSAM1, SLC6A1, FGF14, TBK1, EPM2A, PARK2, TXLNA, NBR1, PIKFYVE, PIK3CA, FANCF 2.496718046 0.999999979 0.434740313 7.703161079 
GO:0080134~regulation of response to stress 35 10 0.004579216 
TF, ATP1B1, SCN1A, SLC6A1, FGF14, TBK1, SLF2, ZEB2, TXLNA, TLR5, GCH1, ADCYAP1, PIKFYVE, PIK3CA, FANCF, PLCB1, USP13, IRAK2, CLN3, 
BMP2, LRSAM1, NACC2, FECH, PLEK, TAOK1, EPM2A, PARK2, NLRP3, PLG, EYA3, EPHA4, RPS6KA3, IL20RB, ETS1, NBR1 
1.638657428 0.999999994 0.445551092 8.199008737 
GO:0051726~regulation of cell cycle 26 7.428571429 0.004994447 
SLF2, BORA, BTC, SOX2, KCNA5, CCNG1, ADCYAP1, KANK2, MAP10, BRINP2, MYOCD, PLCB1, NR2F2, PTPRK, BMP2, KIF11, NACC2, DTL, 
TAOK1, DACH1, ECT2, NOTCH2, TRIM35, RNF4, ETS1, MNT 
1.808666061 0.999999999 0.464148211 8.910142919 
GO:0007049~cell cycle 33 9.428571429 0.005651332 
BACH1, E2F6, SLF2, SOX2, BTC, BORA, KCNA5, ANKLE2, CCNG1, ADCYAP1, KANK2, NCAPH, MAP10, BRINP2, MYOCD, SEH1L, NR2F2, PLCB1, 
TUBB1, TFDP1, PTPRK, BMP2, KIF11, NACC2, TAOK1, DACH1, ECT2, NOTCH2, TRIM35, RNF4, ETS1, PAICS, DSCC1 1.645838954 1 0.496120068 10.02450087 
GO:0002526~acute inflammatory response 8 2.285714286 0.006420051 OPRM1, TF, TFRC, IL20RB, HPS5, NLRP3, ADCYAP1, EPHA3 3.649687508 1 0.530785788 11.31219503 
GO:0009612~response to mechanical stimulus 12 3.428571429 0.006997135 FOS, BMP2, TNFRSF10B, ETS1, HTR7, KCNA1, SOX2, TLR5, KCNA5, NRXN1, KCNJ2, FOXP2 2.586866421 1 0.551585627 12.26739592 
GO:0016241~regulation of macroautophagy 11 3.142857143 0.007036302 CLN3, ATP1B1, LRSAM1, SLC6A1, TBK1, PIKFYVE, EPM2A, PIK3CA, FANCF, TXLNA, PARK2 2.743064923 1 0.543763727 12.33187228 
GO:1901700~response to oxygen-containing 
compound 
45 12.85714286 0.007042941 
OPRM1, TF, NAMPT, SLC6A1, SOX2, PDE3B, TLR5, KCNA5, RRAGD, GCH1, ADCYAP1, KANK2, FOS, ALDH1A2, EIF4EBP2, BRINP2, PIK3CA, 
COL6A1, GYS2, MSN, NR2F2, PLCB1, HTR5A, IRAK2, COL4A3, PTPRK, BMP2, LAMTOR3, FECH, MAT2A, UBR1, PARK2, ESR2, NLRP3, ECT2, 
EPHA3, UFL1, RPS6KA3, TNFSF10, TNFRSF10B, TFRC, RNF4, ETS1, HTR7, STC1 
1.482813269 1 0.534580803 12.34279662 
GO:0033554~cellular response to stress 45 12.85714286 0.007180675 
BACH1, TF, ATP1B1, SCN1A, SLC6A1, TBK1, FGF14, SLF2, ZEB2, TXLNA, RRAGD, CCNG1, GCH1, FOS, MYOCD, GPX5, PIKFYVE, PIK3CA, FANCF, 
PLCB1, USP13, CLN3, PTPRK, BMP2, LRSAM1, NACC2, FECH, DTL, TAOK1, EPM2A, FOXRED2, GTF2H5, PARK2, ECT2, UFL1, EYA3, POLD4, 
EPHA4, NREP, ETS1, NBR1, NPHS1, STC1, UBXN8, TXNRD1 
1.481154641 1 0.532255113 12.56914933 
GO:0009628~response to abiotic stimulus 34 9.714285714 0.007403236 OPRM1, BACH1, ADSS, TF, ATP1B1, KMT2A, KCNA1, SOX2, TLR5, KCNA5, KCNJ2, FOS, MYOCD, PDE8B, PTPRK, BMP2, FECH, MAT2A, DTL, 
TANC1, NRXN1, ESR2, GTF2H5, ECT2, FOXP2, EYA3, TNFRSF10B, TFRC, RNF4, ETS1, HTR7, TXNRD1, STC1, FBXL3 
1.600752941 1 0.534146349 12.93373752 
GO:0031668~cellular response to extracellular 
stimulus 
18 5.142857143 0.007492977 CLN3, ATP1B1, LRSAM1, SCN1A, SLC6A1, FGF14, TBK1, EPM2A, TXLNA, PARK2, RRAGD, KANK2, FOS, MYOCD, NBR1, PIKFYVE, PIK3CA, FANCF 2.041082465 1 0.529669845 13.08033993 
GO:0007399~nervous system development 54 15.42857143 0.007656033 
OPRM1, FGF5, FGF14, LMO4, ZEB2, MYLIP, FOS, BRINP2, RRN3, ANK2, UNC5B, ROBO1, PAX8, SEMA3A, NR2F2, PLCB1, HTR5A, USH2A, 
PTPRK, CCDC88A, PGAP1, HMG20A, NRXN1, ESR2, WLS, ECT2, PRELP, UFL1, CHRDL1, ZFYVE27, HTR7, TF, KCNA1, SOX2, CCNG1, PCDHAC2, 
MYCBP2, ADCYAP1, ALDH1A2, PIKFYVE, LRFN5, LHX9, BMP2, PTPRD, MOBP, EPM2A, PARK2, RUFY3, FOXP2, EPHA3, EPHA4, NREP, ETS1, 
PBX3 
1.411174688 1 0.528787495 13.34611146 
GO:0045597~positive regulation of cell 
differentiation 
27 7.714285714 0.007697945 
OPRM1, TF, BTC, SOX2, ZEB2, ADCYAP1, FOS, BRINP2, RRN3, MYOCD, ROBO1, PAX8, SEMA3A, PLCB1, PTPRD, BMP2, PARK2, NLRP3, ECT2, 
RUFY3, EPHA3, UFL1, EPHA4, NOTCH2, ETS1, HTR7, SETD3 
1.721541386 1 0.522402239 13.41430274 
GO:1902589~single-organism organelle 
organization 
55 15.71428571 0.007888686 
ATP1B1, SLC6A1, BORA, BTC, TXLNA, ANKLE2, CXADR, LONP2, MYOCD, SEH1L, TRIM9, PIK3CA, FANCF, LMOD1, PLCB1, TUBB1, CLN3, KIF11, 
ROCK1, NRXN1, ECT2, ARHGAP26, ELMO1, EYA3, ZDHHC15, PPM1E, CEP162, PARVA, DSCC1, TF, KMT2A, ONECUT1, SLF2, DIAPH3, PAXBP1, 
1.403041443 1 0.522960921 13.72399305 
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KRT20, DAAM1, CCNG1, QRSL1, NCAPH, MAP10, ELK4, CDC42EP3, RILP, NACC2, PLEK, MTRF1L, PARK2, TET1, RUFY3, PHF19, RNF4, NPHS2, 
NPHS1, SETD3 
GO:0007215~glutamate receptor signaling pathway 6 1.714285714 0.007911819 OPRM1, CLN3, SHISA9, RASGRF2, NRXN1, PLCB1 4.837085842 1 0.516081893 13.76148045 
GO:0051130~positive regulation of cellular 
component organization 
35 10 0.007986311 
TF, ATP1B1, KMT2A, SLC6A1, SLF2, BTC, ZEB2, TXLNA, PAXBP1, ADCYAP1, RRN3, ROBO1, PAX8, PIK3CA, FANCF, MSN, PLCB1, CDC42EP3, 
BMP2, PTPRD, LRSAM1, ROCK1, PLEK, NRXN1, PARK2, TET1, RUFY3, EPHA3, EPHA4, TNFSF10, PPM1E, PHF19, HTR7, NPHS1, TCAF2 
1.578384971 1 0.51167434 13.88209261 
GO:0010720~positive regulation of cell 
development 
19 5.428571429 0.008161674 OPRM1, TF, PTPRD, BMP2, SOX2, ZEB2, PARK2, ECT2, RUFY3, ADCYAP1, EPHA3, UFL1, EPHA4, BRINP2, RRN3, ROBO1, HTR7, PAX8, SEMA3A 1.972086438 1 0.511780182 14.16539741 
GO:0018130~heterocycle biosynthetic process 77 22 0.008281922 
OPRM1, BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, GUCY1A3, NR2F2, PLCB1, 
ALX4, USP13, IRAK2, PTPRK, FECH, DTL, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, 
LCOR, PEG3, ADSS, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, UGDH, PAXBP1, GCH1, ADCYAP1, PRDM15, ELK4, 
QTRTD1, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, MAT2A, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, POLD4, NOTCH2, RPS6KA3, 
PHF19, RNF4, ETS1, PBX3, SETD3, PAICS 
1.304416595 1 0.509553437 14.35915355 
GO:0022607~cellular component assembly 55 15.71428571 0.008439038 
NDUFAF6, OCLN, SLC6A1, LMO4, FERMT2, RRN3, ANK2, SEH1L, TRIM9, MSN, LMOD1, TUBB1, CHRNA2, CLN3, PTPRK, FECH, CCDC88A, 
KIF11, ROCK1, NRXN1, GTF2H5, NLRP3, ECT2, PPM1E, CEP162, TRIM34, NBR1, TXNRD1, PARVA, KMT2A, ONECUT1, SLF2, KCNA1, KCNA5, 
KCNJ2, GCH1, KCNS3, MAP10, TMEM33, PIKFYVE, COL6A1, CDC42EP3, BAHD1, PTPRD, LRSAM1, NACC2, PLEK, YWHAB, MALT1, PARK2, 
DACH1, MTTP, EPHA3, RNF4, NPHS1 
1.39819292 1 0.508943177 14.61168957 
GO:0019438~aromatic compound biosynthetic 
process 
77 22 0.008578091 
OPRM1, BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, GUCY1A3, NR2F2, PLCB1, 
ALX4, USP13, IRAK2, PTPRK, FECH, DTL, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, 
LCOR, PEG3, ADSS, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, UGDH, PAXBP1, GCH1, ADCYAP1, PRDM15, ELK4, 
QTRTD1, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, MAT2A, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, POLD4, NOTCH2, RPS6KA3, 
PHF19, RNF4, ETS1, PBX3, SETD3, PAICS 
1.302541895 1 0.507620415 14.83460446 
GO:0021983~pituitary gland development 5 1.428571429 0.00873142 ALDH1A2, BMP2, ETS1, SOX2, ADCYAP1 6.130334487 1 0.506919873 15.07976823 
GO:0016239~positive regulation of 
macroautophagy 
9 2.571428571 0.009014982 ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, PIK3CA, FANCF, TXLNA, PARK2 3.079423835 1 0.51135048 15.53140597 
GO:0070887~cellular response to chemical stimulus 57 16.28571429 0.009493827 
OPRM1, BACH1, FGF5, NAMPT, FGF14, FERMT2, PDE3B, TLR5, CXADR, KANK2, FOS, GSTM3, EIF4EBP2, BRINP2, MYOCD, GPX5, ROBO1, 
SOSTDC1, PAX8, PIK3CA, MSN, NR2F2, PLCB1, IRAK2, PTPRK, FECH, UBR1, ESR2, NLRP3, ECT2, TNFRSF10B, PPM1E, CHRDL1, ZFYVE27, 
IL20RB, STC1, TXNRD1, PARVA, TF, KMT2A, ONECUT1, KCNA1, RRAGD, GCH1, ADCYAP1, ALDH1A2, COL6A1, SLC31A1, BMP2, LAMTOR3, 
PARK2, EPHA3, NOTCH2, NREP, RNF4, TFRC, ETS1 
1.378758336 1 0.522932079 16.28892037 
GO:0009719~response to endogenous stimulus 45 12.85714286 0.009536028 
OPRM1, ADSS, TF, FGF5, NAMPT, ONECUT1, SLC6A1, FGF14, FERMT2, PDE3B, CCNG1, RRAGD, ADCYAP1, FOS, ALDH1A2, EIF4EBP2, MYOCD, 
SOSTDC1, TRDMT1, PAX8, PIK3CA, COL6A1, MSN, NR2F2, PLCB1, HTR5A, CHRNA2, PTPRK, BMP2, LAMTOR3, FECH, MAT2A, UBR1, PARK2, 
ESR2, EPHA3, UFL1, NOTCH2, TNFSF10, NREP, CHRDL1, RNF4, ETS1, HTR7, STC1 
1.456713145 1 0.517915255 16.35537258 
GO:0019219~regulation of nucleobase-containing 
compound metabolic process 75 21.42857143 0.010115681 
OPRM1, BACH1, NAMPT, TBK1, E2F6, LMO4, PRKAG2, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, GUCY1A3, 
PIK3CA, NR2F2, ALX4, PLCB1, USP13, IRAK2, PTPRK, CCDC88A, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, 
TRIM34, MNT, LIN54, LCOR, PEG3, DSCC1, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SLF2, SOX2, PAXBP1, ADCYAP1, NPHP3, 
PRDM15, ELK4, MBNL3, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, 
PHF19, RNF4, ETS1, PBX3, SETD3 
1.300100392 1 0.532397279 17.26307765 
GO:0034765~regulation of ion transmembrane 
transport 14 4 0.010235567 OPRM1, ATP1B1, SCN1A, FGF14, KCNA1, NRXN1, KCNA5, KCNJ2, KCNS3, SHISA9, RASGRF2, ANK2, TCAF2, STC1 2.238904769 1 0.530203626 17.44964578 
GO:0006355~regulation of transcription, DNA-
templated 
66 18.85714286 0.010258223 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, USP13, IRAK2, 
PTPRK, HMG20A, ESR2, GTF2H5, NLRP3, TOX3, EYA3, UFL1, SARNP, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, 
TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, 
PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.332023296 1 0.524721179 17.48485883 
GO:0045666~positive regulation of neuron 
differentiation 
14 4 0.010928866 EPHA4, BMP2, PTPRD, BRINP2, RRN3, ROBO1, HTR7, SOX2, ZEB2, PARK2, ECT2, RUFY3, ADCYAP1, EPHA3 2.220800418 1 0.541173894 18.52078333 
GO:0034654~nucleobase-containing compound 
biosynthetic process 75 21.42857143 0.011138442 
OPRM1, BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, GUCY1A3, NR2F2, ALX4, 
PLCB1, USP13, IRAK2, PTPRK, DTL, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, 
PEG3, ADSS, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, UGDH, PAXBP1, ADCYAP1, PRDM15, ELK4, QTRTD1, PER3, LHX9, 
BAHD1, TFDP1, BMP2, NACC2, MAT2A, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, POLD4, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, 
SETD3, PAICS 
1.294761171 1 0.541891149 18.84197586 
GO:0086009~membrane repolarization 4 1.142857143 0.011511278 ATP1B1, ANK2, KCNA5, KCNJ2 8.407315868 1 0.547732787 19.41042194 
GO:0006928~movement of cell or subcellular 
component 
40 11.42857143 0.011533479 
TF, ONECUT1, FERMT1, RASGEF1A, ZEB2, KCNA5, KCNJ2, CXADR, MYCBP2, FRMD6, UNC5B, ANK2, KIF6, ROBO1, PIK3CA, MSN, SEMA3A, 
NR2F2, PLCB1, LHX9, CLN3, PTPRK, BMP2, CCDC88A, KIF11, ROCK1, AIMP1, DACH1, ESR2, RUFY3, PLG, EPHA3, ELMO1, EPHA4, ETS1, TCAF2, 
STC1, WDR44, DYNC1I2, PARVA 
1.483332352 1 0.542504471 19.44415081 
GO:0045892~negative regulation of transcription, 
DNA-templated 31 8.857142857 0.011821124 
BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, YWHAB, 
HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 1.590573272 1 0.545554928 19.87995939 
GO:1903506~regulation of nucleic acid-templated 
transcription 
66 18.85714286 0.012040945 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, USP13, IRAK2, 
PTPRK, HMG20A, ESR2, GTF2H5, NLRP3, TOX3, EYA3, UFL1, SARNP, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, 
TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, 
PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.322048989 1 0.546463931 20.21150365 
GO:2001141~regulation of RNA biosynthetic 
process 
66 18.85714286 0.012660133 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, USP13, IRAK2, 
PTPRK, HMG20A, ESR2, GTF2H5, NLRP3, TOX3, EYA3, UFL1, SARNP, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, 
TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, 
PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.318906598 1 0.558954133 21.13842488 
GO:0001508~action potential 7 2 0.01354982 CLN3, SCN1A, ANK2, KCNA1, KCNA5, KCNJ2, CXADR 3.582247631 1 0.578123542 22.45245605 
GO:0006937~regulation of muscle contraction 8 2.285714286 0.01357707 ATP1B1, ANK2, MYOCD, KCNA1, GUCY1A3, STC1, KCNA5, KCNJ2 3.159796568 1 0.573305704 22.4923743 
GO:0006366~transcription from RNA polymerase II 
promoter 
41 11.71428571 0.013889416 
BACH1, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, E2F6, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, KANK2, FOS, MYOCD, ELK4, SOSTDC1, 
PAX8, PER3, NR2F2, ALX4, BMP2, NACC2, HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, NOTCH2, RPS6KA3, CHRDL1, PHF19, RNF4, 
ETS1, MNT, PBX3, LCOR, SETD3, PEG3 
1.456185669 1 0.576165535 22.94854074 
GO:0048608~reproductive structure development 17 4.857142857 0.013964438 SOX2, ESR2, TLR5, PLG, ADCYAP1, NOTCH2, TNFSF10, TNFRSF10B, RNF4, MYOCD, STC1, FANCF, TXNRD1, SEMA3A, NR2F2, FNDC3A, LHX9 1.954044118 1 0.572751424 23.05772738 
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GO:1903507~negative regulation of nucleic acid-
templated transcription 31 8.857142857 0.014111106 
BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, YWHAB, 
HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 1.56734325 1 0.571270821 23.27076555 
GO:0006351~transcription, DNA-templated 60 17.14285714 0.014143818 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, KANK2, CBX5, ZKSCAN4, FOS, RRN3, MYOCD, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, IRAK2, PTPRK, 
HMG20A, ESR2, GTF2H5, NLRP3, TOX3, UFL1, SARNP, CHRDL1, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, TF, HYPM, KMT2A, ONECUT1, 
SOX2, PAXBP1, ADCYAP1, ELK4, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, NOTCH2, 
RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.336515013 1 0.566897117 23.31820393 
GO:0051493~regulation of cytoskeleton 
organization 
15 4.285714286 0.01436329 CCDC88A, KIF11, ROCK1, PLEK, TAOK1, BORA, PARK2, ECT2, EPHA3, MYCBP2, PPM1E, RNF4, NPHS1, LMOD1, CDC42EP3 2.067372754 1 0.567377159 23.63576216 
GO:0008283~cell proliferation 43 12.28571429 0.014495449 
TF, FGF5, NAMPT, KMT2A, TBK1, SOX2, KCNA1, BTC, FERMT1, ZEB2, PAXBP1, KCNA5, CXADR, ADCYAP1, KANK2, ALDH1A2, RRN3, MYOCD, 
NCAPG2, ROBO1, NR2F2, LHX9, TFDP1, USP13, COL4A3, PTPRK, BMP2, NACC2, AIMP1, MALT1, DACH1, ESR2, APPL1, TET1, FOXP2, UFL1, 
POLD4, NOTCH2, TRIM35, IL20RB, ETS1, TXNRD1, STC1 
1.435395392 1 0.565652266 23.8263838 
GO:0030036~actin cytoskeleton organization 17 4.857142857 0.014531859 CLN3, TF, ROCK1, PLEK, DIAPH3, PARK2, DAAM1, CXADR, ARHGAP26, RUFY3, ELMO1, PPM1E, NPHS2, NPHS1, LMOD1, CDC42EP3, PARVA 1.946440833 1 0.56157545 23.87882135 
GO:0051259~protein oligomerization 17 4.857142857 0.014531859 NACC2, SLC6A1, KCNA1, YWHAB, MALT1, NRXN1, KCNA5, KCNJ2, ECT2, GCH1, KCNS3, TRIM34, NBR1, COL6A1, TXNRD1, CHRNA2, PARVA 1.946440833 1 0.56157545 23.87882135 
GO:0034762~regulation of transmembrane 
transport 
14 4 0.015043705 OPRM1, ATP1B1, SCN1A, FGF14, KCNA1, NRXN1, KCNA5, KCNJ2, KCNS3, SHISA9, RASGRF2, ANK2, TCAF2, STC1 2.12898438 1 0.569278564 24.61237582 
GO:0061458~reproductive system development 17 4.857142857 0.015285578 SOX2, ESR2, TLR5, PLG, ADCYAP1, NOTCH2, TNFSF10, TNFRSF10B, RNF4, MYOCD, STC1, FANCF, TXNRD1, SEMA3A, NR2F2, FNDC3A, LHX9 1.935146205 1 0.57024003 24.95668489 
GO:0032101~regulation of response to external 
stimulus 25 7.142857143 0.015403809 
OPRM1, ATP1B1, SCN1A, SLC6A1, FGF14, TBK1, TXLNA, KANK2, ADCYAP1, ROBO1, PIKFYVE, PIK3CA, FANCF, SEMA3A, CLN3, LRSAM1, PLEK, 
EPM2A, PARK2, NRXN1, NLRP3, PLG, EPHA4, IL20RB, ETS1 1.666229079 1 0.568251832 25.12444535 
GO:0009991~response to extracellular stimulus 25 7.142857143 0.015608519 
OPRM1, ATP1B1, SCN1A, SLC6A1, FGF14, TBK1, TXLNA, RRAGD, KANK2, ADCYAP1, ALDH1A2, FOS, MYOCD, SLC25A25, PIKFYVE, PIK3CA, 
FANCF, CLN3, LRSAM1, EPM2A, PARK2, ESR2, TFRC, NBR1, STC1 1.664344205 1 0.56833657 25.4140752 
GO:0007610~behavior 24 6.857142857 0.015785532 OPRM1, CLN3, SCN1A, KMT2A, SLC6A1, FGF14, EPM2A, TANC1, ESR2, PARK2, DACH1, NRXN1, ADCYAP1, FOXP2, EPHA4, FOS, EIF4EBP2, 
ROBO1, HTR7, PDE8B, SEMA3A, PER3, PBX3, PLCB1 
1.685476212 1 0.567779347 25.66366328 
GO:0009267~cellular response to starvation 15 4.285714286 0.015833897 CLN3, ATP1B1, SCN1A, LRSAM1, SLC6A1, FGF14, TBK1, EPM2A, PARK2, TXLNA, RRAGD, NBR1, PIKFYVE, PIK3CA, FANCF 2.043444829 1 0.564281524 25.73171984 
GO:0051128~regulation of cellular component 
organization 
54 15.42857143 0.016258073 
ATP1B1, RAB5B, SLC6A1, LMO4, BORA, BTC, ZEB2, TXLNA, RRN3, MYOCD, TRIM9, ROBO1, PAX8, PIK3CA, FANCF, MSN, SEMA3A, LMOD1, 
PLCB1, CLN3, CCDC88A, KIF11, ROCK1, NRXN1, ECT2, PPM1E, HTR7, PARVA, TF, KMT2A, SLF2, PAXBP1, MYCBP2, ADCYAP1, PIKFYVE, 
CDC42EP3, BMP2, PTPRD, LRSAM1, PLEK, TAOK1, PARK2, APPL1, TET1, RUFY3, EPHA3, EPHA4, TNFSF10, PHF19, RNF4, TFRC, ETS1, NPHS1, 
TCAF2 
1.355209125 1 0.569381455 26.32607829 
GO:1902679~negative regulation of RNA 
biosynthetic process 
31 8.857142857 0.016473601 
BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, YWHAB, 
HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 
1.548716081 1 0.56969216 26.62635091 
GO:1900449~regulation of glutamate receptor 
signaling pathway 
4 1.142857143 0.016587315 OPRM1, SHISA9, RASGRF2, NRXN1 7.356401384 1 0.567757716 26.78430913 
GO:0008038~neuron recognition 4 1.142857143 0.016587315 EPHA4, ROBO1, SEMA3A, EPHA3 7.356401384 1 0.567757716 26.78430913 
GO:0042594~response to starvation 16 4.571428571 0.017063646 CLN3, ATP1B1, SCN1A, LRSAM1, SLC6A1, FGF14, TBK1, EPM2A, TXLNA, PARK2, RRAGD, ADCYAP1, NBR1, PIKFYVE, PIK3CA, FANCF 1.961707036 1 0.573722907 27.44248376 
GO:0035270~endocrine system development 8 2.285714286 0.017077623 ALDH1A2, BMP2, ONECUT1, ETS1, PAX8, SOX2, PDE3B, ADCYAP1 3.018010824 1 0.569673483 27.46171229 
GO:0034645~cellular macromolecule biosynthetic 
process 89 25.42857143 0.017454474 
BACH1, PRKAG3, NAMPT, TBK1, E2F6, LMO4, BTC, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, EIF4EBP2, SLC25A25, MYOCD, RRN3, SOSTDC1, PAX8, 
NR2F2, PLCB1, ALX4, USP13, IRAK2, ZDHHC2, PTPRK, CCDC88A, FECH, DTL, PGAP1, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, 
ZDHHC15, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, DSCC1, PEG3, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, 
PAXBP1, EXTL2, ADCYAP1, QRSL1, ZDHHC23, PRDM15, ELK4, GYS2, MARS2, PER3, LHX9, BAHD1, TFDP1, MGAT4A, BMP2, NACC2, GINS3, 
YWHAB, MTRF1L, MALT1, PARK2, DACH1, ETF1, TET1, FOXP2, MTTP, POLD4, NOTCH2, RPS6KA3, MRPL22, PHF19, RNF4, ETS1, PBX3, SETD3 
1.233865203 1 0.573371599 27.97832783 
GO:0030900~forebrain development 15 4.285714286 0.017575068 BMP2, PGAP1, KCNA1, SOX2, ZEB2, ESR2, FOXP2, ADCYAP1, ALDH1A2, ROBO1, ETS1, SEMA3A, PLCB1, NR2F2, HTR5A 2.015452434 1 0.571646126 28.14291011 
GO:0010506~regulation of autophagy 12 3.428571429 0.018022186 CLN3, ATP1B1, LRSAM1, SLC6A1, TBK1, PIKFYVE, EPM2A, PIK3CA, FANCF, TXLNA, PARK2, USP13 2.256276463 1 0.57665865 28.75002177 
GO:0048699~generation of neurons 37 10.57142857 0.018040412 
OPRM1, TF, LMO4, SOX2, KCNA1, ZEB2, ADCYAP1, MYCBP2, ALDH1A2, BRINP2, RRN3, UNC5B, ROBO1, SEMA3A, NR2F2, LRFN5, LHX9, 
USH2A, PTPRK, BMP2, PTPRD, CCDC88A, HMG20A, PARK2, NRXN1, ESR2, ECT2, RUFY3, PRELP, EPHA3, UFL1, EPHA4, NREP, CHRDL1, 
ZFYVE27, HTR7, PBX3 
1.467314562 1 0.572873809 28.77466501 
GO:0035556~intracellular signal transduction 53 15.14285714 0.018405978 
OPRM1, ATP1B1, RAB5B, FGF14, SGPP1, TUFT1, TBK1, PRKAG2, RASGEF1A, ZEB2, EIF4EBP2, RRN3, ANK2, UNC5B, GUCY1A3, PIK3CA, PLCB1, 
HTR5A, IRAK2, CCDC88A, ROCK1, GOLT1B, UBR1, ESR2, NLRP3, TOX3, ECT2, ARHGAP26, ELMO1, RASGRF2, NBR1, ARL4D, ARL4A, TF, SOX2, 
ADCYAP1, PIKFYVE, CDC42EP3, BMP2, LAMTOR3, PTPRD, NACC2, PLEK, TAOK1, EPM2A, MALT1, PARK2, EPHA4, NOTCH2, RPS6KA3, 
TNFSF10, RAB30, NPHS1 
1.350850666 1 0.576126883 29.26727112 
GO:0006357~regulation of transcription from RNA 
polymerase II promoter 
42 12 0.018488668 
BACH1, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, E2F6, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, KANK2, FOS, MYOCD, ELK4, SOSTDC1, 
PAX8, PER3, NR2F2, ALX4, TFDP1, BMP2, NACC2, HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, NOTCH2, RPS6KA3, CHRDL1, PHF19, 
RNF4, ETS1, MNT, PBX3, LCOR, SETD3, PEG3 
1.420546474 1 0.573709078 29.37824943 
GO:0046661~male sex differentiation 9 2.571428571 0.019066663 TNFSF10, TNFRSF10B, RNF4, SOX2, TLR5, ESR2, SEMA3A, LHX9, FNDC3A 2.688634008 1 0.580998677 30.14938499 
GO:0045786~negative regulation of cell cycle 13 3.714285714 0.019412797 PTPRK, BMP2, NACC2, SOX2, CCNG1, ADCYAP1, KANK2, NOTCH2, TRIM35, BRINP2, MYOCD, ETS1, NR2F2 2.137055151 1 0.583637975 30.60736003 
GO:0097659~nucleic acid-templated transcription 66 18.85714286 0.019529827 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, USP13, IRAK2, 
PTPRK, HMG20A, ESR2, GTF2H5, NLRP3, TOX3, EYA3, UFL1, SARNP, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, 
TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, 
PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.291283222 1 0.581908887 30.76156082 
GO:0051252~regulation of RNA metabolic process 67 19.14285714 0.019685397 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, USP13, IRAK2, 
PTPRK, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, UFL1, SARNP, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, 
TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, MBNL3, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, 
YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.2873102 1 0.58093119 30.96603923 
GO:0002674~negative regulation of acute 
inflammatory response 
3 0.857142857 0.019706031 IL20RB, NLRP3, ADCYAP1 13.58104871 1 0.577462175 30.99311848 
GO:0034698~response to gonadotropin 5 1.428571429 0.019757524 TF, RNF4, PAX8, ESR2, EPHA3 4.82386976 1 0.574611582 31.06064889 
GO:0031669~cellular response to nutrient levels 16 4.571428571 0.019887191 CLN3, ATP1B1, SCN1A, LRSAM1, SLC6A1, FGF14, TBK1, EPM2A, TXLNA, PARK2, RRAGD, KANK2, NBR1, PIKFYVE, PIK3CA, FANCF 1.925601998 1 0.573246482 31.23042355 
GO:0044057~regulation of system process 16 4.571428571 0.020544022 OPRM1, TF, ATP1B1, KCNA1, ESR2, KCNA5, KCNJ2, CXADR, ADCYAP1, MYOCD, ANK2, NPHS1, GUCY1A3, STC1, SEMA3A, PBX3 1.917758406 1 0.58146223 32.08436288 
GO:0009890~negative regulation of biosynthetic 
process 
36 10.28571429 0.020589162 
OPRM1, BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, EIF4EBP2, MYOCD, ELK4, PDE8B, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, 
BMP2, NACC2, PLEK, YWHAB, HMG20A, MARCH8, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 
1.463151657 1 0.578571252 32.14267893 
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GO:0032409~regulation of transporter activity 9 2.571428571 0.020664245 OPRM1, ATP1B1, SHISA9, ANK2, KMT2A, RASGRF2, FGF14, TCAF2, NRXN1 2.648304498 1 0.576251834 32.23957299 
GO:0022406~membrane docking 5 1.428571429 0.020847028 ROCK1, PLEK, EXOC6, MSN, NRXN1 4.746065409 1 0.575869534 32.4749069 
GO:0031062~positive regulation of histone 
methylation 4 1.142857143 0.021093119 PHF19, KMT2A, PAXBP1, TET1 6.725852694 1 0.576600262 32.79052764 
GO:0045137~development of primary sexual 
characteristics 11 3.142857143 0.021584313 TNFSF10, TNFRSF10B, RNF4, FANCF, TLR5, ESR2, SEMA3A, DACH1, LHX9, FNDC3A, ADCYAP1 2.303784063 1 0.581522281 33.41633219 
GO:0002064~epithelial cell development 10 2.857142857 0.021710688 FRMD6, ROCK1, ONECUT1, NPHS2, PAX8, NPHS1, STC1, ESR2, MSN, FNDC3A 2.441958966 1 0.580152028 33.57644623 
GO:0007010~cytoskeleton organization 28 8 0.021911529 TF, BORA, DIAPH3, KRT20, CXADR, DAAM1, MAP10, SEH1L, LMOD1, TUBB1, CDC42EP3, CLN3, CCDC88A, KIF11, ROCK1, PLEK, NRXN1, 
PARK2, ECT2, ARHGAP26, RUFY3, EPHA3, ELMO1, PPM1E, RNF4, NPHS2, NPHS1, PARVA 
1.55749897 1 0.580057702 33.83015775 
GO:0010508~positive regulation of autophagy 9 2.571428571 0.022349093 ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, PIK3CA, FANCF, TXLNA, PARK2 2.609166993 1 0.583892234 34.37973422 
GO:0008285~negative regulation of cell 
proliferation 
19 5.428571429 0.022438623 
PTPRK, BMP2, NACC2, AIMP1, KMT2A, SOX2, ESR2, DACH1, CXADR, ADCYAP1, KANK2, NOTCH2, ALDH1A2, TRIM35, IL20RB, MYOCD, 
ROBO1, NR2F2, TFDP1 
1.769261092 1 0.581942365 34.49165042 
GO:0006470~protein dephosphorylation 12 3.428571429 0.02251192 EYA3, PTPRK, BMP2, PTPRD, PPM1E, ROCK1, PLEK, SEH1L, RIMBP2, EPM2A, YWHAB, ANKLE2 2.179674484 1 0.579754195 34.58313857 
GO:0050885~neuromuscular process controlling 
balance 
5 1.428571429 0.023134934 CAMTA1, CLN3, SOX2, PDE8B, NRXN1 4.597750865 1 0.586465424 35.3559162 
GO:0032102~negative regulation of response to 
external stimulus 
11 3.142857143 0.024003184 EPHA4, CLN3, IL20RB, ETS1, ROBO1, SEMA3A, NRXN1, NLRP3, PLG, KANK2, ADCYAP1 2.263508118 1 0.59676146 36.41848313 
GO:0007254~JNK cascade 8 2.285714286 0.024270583 EPHA4, TF, FGF14, TAOK1, NPHS1, ZEB2, PARK2, PLCB1 2.802438623 1 0.597554484 36.74238266 
GO:0032774~RNA biosynthetic process 66 18.85714286 0.024358602 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, USP13, IRAK2, 
PTPRK, HMG20A, ESR2, GTF2H5, NLRP3, TOX3, EYA3, UFL1, SARNP, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, 
TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, 
PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.276850733 1 0.595612183 36.84865869 
GO:0031327~negative regulation of cellular 
biosynthetic process 35 10 0.025038833 
OPRM1, BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, EIF4EBP2, MYOCD, ELK4, PDE8B, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, 
BMP2, NACC2, PLEK, YWHAB, HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 1.451580259 1 0.602574879 37.66429821 
GO:0048732~gland development 17 4.857142857 0.025077021 BMP2, ONECUT1, LMO4, SOX2, ESR2, WLS, ADCYAP1, NPHP3, NOTCH2, ALDH1A2, ROBO1, ETS1, SOSTDC1, PAX8, PIK3CA, SEMA3A, MSN 1.822350798 1 0.59991061 37.70979057 
GO:0071495~cellular response to endogenous 
stimulus 
30 8.571428571 0.025228305 OPRM1, NAMPT, FGF5, TF, ONECUT1, FGF14, FERMT2, PDE3B, RRAGD, ADCYAP1, FOS, EIF4EBP2, MYOCD, SOSTDC1, PAX8, COL6A1, MSN, 
NR2F2, PTPRK, BMP2, LAMTOR3, FECH, UBR1, ESR2, EPHA3, NOTCH2, NREP, CHRDL1, RNF4, STC1 
1.506430318 1 0.598942495 37.88970567 
GO:0097305~response to alcohol 17 4.857142857 0.02531291 OPRM1, FECH, SLC6A1, ESR2, PARK2, KANK2, ADCYAP1, ALDH1A2, FOS, RNF4, ETS1, HTR7, PIK3CA, STC1, MSN, NR2F2, HTR5A 1.819037433 1 0.597013007 37.99010684 
GO:0048468~cell development 50 14.28571429 0.025779133 
OPRM1, TF, ONECUT1, FERMT2, SOX2, ZEB2, CXADR, MYCBP2, ADCYAP1, ALDH1A2, FRMD6, BRINP2, UNC5B, ANK2, MYOCD, RRN3, ROBO1, 
KIF6, PAX8, KLHL40, MSN, LMOD1, SEMA3A, LRFN5, FNDC3A, LHX9, PTPRK, BMP2, PTPRD, CCDC88A, ROCK1, HMG20A, ESR2, PARK2, ECT2, 
TET1, RUFY3, EPHA3, PRELP, UFL1, EPHA4, NREP, PHF19, ZFYVE27, HTR7, NPHS2, NPHS1, STC1, PBX3, PARVA 
1.339353916 1 0.600642456 38.54063144 
GO:2000112~regulation of cellular macromolecule 
biosynthetic process 70 20 0.025957913 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, EIF4EBP2, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, 
USP13, IRAK2, PTPRK, FECH, CCDC88A, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, 
LCOR, PEG3, DSCC1, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, 
TFDP1, BMP2, NACC2, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.260197239 1 0.600089626 38.750508 
GO:0031648~protein destabilization 4 1.142857143 0.026202839 BMP2, PARK2, MYLIP, FBXL3 6.194864323 1 0.600484603 39.03693531 
GO:0086001~cardiac muscle cell action potential 4 1.142857143 0.026202839 ANK2, KCNA5, KCNJ2, CXADR 6.194864323 1 0.600484603 39.03693531 
GO:0046546~development of primary male sexual 
characteristics 
8 2.285714286 0.026395485 TNFSF10, TNFRSF10B, RNF4, TLR5, ESR2, SEMA3A, LHX9, FNDC3A 2.753273033 1 0.600138379 39.26133271 
GO:0008584~male gonad development 8 2.285714286 0.026395485 TNFSF10, TNFRSF10B, RNF4, TLR5, ESR2, SEMA3A, LHX9, FNDC3A 2.753273033 1 0.600138379 39.26133271 
GO:0051253~negative regulation of RNA metabolic 
process 31 8.857142857 0.02646747 
BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, YWHAB, 
HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 1.491731434 1 0.598108834 39.3449819 
GO:0016311~dephosphorylation 14 4 0.027043187 PTPRK, PTPRD, BMP2, PLEK, ROCK1, SGPP1, RIMBP2, EPM2A, YWHAB, ANKLE2, EYA3, PPM1E, SEH1L, NT5C2 1.961707036 1 0.603087723 40.01007091 
GO:0007548~sex differentiation 12 3.428571429 0.027077263 TNFSF10, TNFRSF10B, RNF4, SOX2, FANCF, TLR5, ESR2, SEMA3A, DACH1, LHX9, FNDC3A, ADCYAP1 2.120764363 1 0.600562651 40.04921989 
GO:0006914~autophagy 14 4 0.027558749 CLN3, ATP1B1, SCN1A, LRSAM1, SLC6A1, FGF14, TBK1, EPM2A, PARK2, TXLNA, NBR1, PIKFYVE, PIK3CA, FANCF 1.957047399 1 0.604147124 40.59980314 
GO:0048511~rhythmic process 13 3.714285714 0.02785495 OPRM1, NAMPT, BMP2, MAT2A, KMT2A, ETS1, HTR7, FANCF, PER3, ESR2, FBXL3, ADCYAP1, MTTP 2.02398345 1 0.605178083 40.93613106 
GO:1903508~positive regulation of nucleic acid-
templated transcription 
35 10 0.028216378 
BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, MYOCD, RRN3, PAX8, NR2F2, ALX4, 
PLCB1, TFDP1, IRAK2, BMP2, MALT1, ESR2, PARK2, NLRP3, TET1, TOX3, RPS6KA3, RNF4, ETS1, TRIM34, PBX3, SETD3, PEG3 
1.437398735 1 0.607052907 41.34408125 
GO:0045893~positive regulation of transcription, 
DNA-templated 
35 10 0.028216378 
BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, MYOCD, RRN3, PAX8, NR2F2, ALX4, 
PLCB1, TFDP1, IRAK2, BMP2, MALT1, ESR2, PARK2, NLRP3, TET1, TOX3, RPS6KA3, RNF4, ETS1, TRIM34, PBX3, SETD3, PEG3 
1.437398735 1 0.607052907 41.34408125 
GO:0031098~stress-activated protein kinase 
signaling cascade 
10 2.857142857 0.028492951 EPHA4, TF, BMP2, FGF14, TAOK1, NBR1, NPHS1, ZEB2, PARK2, PLCB1 2.326134825 1 0.607783594 41.65445189 
GO:0045216~cell-cell junction organization 8 2.285714286 0.028662524 PTPRK, OCLN, ROCK1, ANK2, FERMT2, CXADR, ECT2, EPHA3 2.705802808 1 0.607114581 41.84397688 
GO:1902680~positive regulation of RNA 
biosynthetic process 
35 10 0.029044867 BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, MYOCD, RRN3, PAX8, NR2F2, ALX4, 
PLCB1, TFDP1, IRAK2, BMP2, MALT1, ESR2, PARK2, NLRP3, TET1, TOX3, RPS6KA3, RNF4, ETS1, TRIM34, PBX3, SETD3, PEG3 
1.434395813 1 0.609194307 42.26917291 
GO:0048172~regulation of short-term neuronal 
synaptic plasticity 
3 0.857142857 0.029325306 SHISA7, SHISA9, KMT2A 11.03460208 1 0.609939993 42.57917075 
GO:2000310~regulation of N-methyl-D-aspartate 
selective glutamate receptor activity 
3 0.857142857 0.029325306 OPRM1, RASGRF2, NRXN1 11.03460208 1 0.609939993 42.57917075 
GO:0045595~regulation of cell differentiation 40 11.42857143 0.029582833 
OPRM1, TF, LMO4, SOX2, BTC, ZEB2, ADCYAP1, FOS, NPHP3, BRINP2, RRN3, MYOCD, ROBO1, SOSTDC1, PAX8, MBNL3, SEMA3A, PLCB1, 
USH2A, BMP2, PTPRD, CCDC88A, ROCK1, HMG20A, PARK2, NLRP3, ECT2, TET1, RUFY3, EPHA3, UFL1, NOTCH2, EPHA4, NREP, PHF19, TCFL5, 
ETS1, NBR1, HTR7, SETD3 
1.389638986 1 0.610385282 42.86245394 
GO:0010638~positive regulation of organelle 
organization 
20 5.714285714 0.030431727 
ATP1B1, LRSAM1, KMT2A, SLC6A1, PLEK, SLF2, BTC, TXLNA, PARK2, PAXBP1, TET1, TNFSF10, PHF19, PPM1E, NPHS1, PIK3CA, FANCF, MSN, 
PLCB1, CDC42EP3 
1.674287655 1 0.618146576 43.78691201 
GO:0051403~stress-activated MAPK cascade 9 2.571428571 0.030787928 EPHA4, TF, BMP2, FGF14, TAOK1, NPHS1, ZEB2, PARK2, PLCB1 2.452133795 1 0.619717343 44.17058829 
GO:0031929~TOR signaling 5 1.428571429 0.030886318 LAMTOR3, EIF4EBP2, CCDC88A, EPM2A, UBR1 4.203657934 1 0.618155018 44.27613004 
GO:0055086~nucleobase-containing small 
molecule metabolic process 
19 5.428571429 0.031160714 
MRI1, OPRM1, NAMPT, ADSS, ATP1B1, MAT2A, PRKAG2, UGDH, PDE3B, PARK2, EXTL2, ADCYAP1, NPHP3, SLC25A25, QTRTD1, NT5C2, 
GUCY1A3, TXNRD1, PAICS 
1.701937611 1 0.618725098 44.56947452 
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GO:0022008~neurogenesis 38 10.85714286 0.031557242 
OPRM1, TF, FGF5, LMO4, SOX2, KCNA1, ZEB2, ADCYAP1, MYCBP2, ALDH1A2, BRINP2, RRN3, UNC5B, ROBO1, SEMA3A, NR2F2, LRFN5, LHX9, 
USH2A, PTPRK, BMP2, PTPRD, CCDC88A, HMG20A, PARK2, NRXN1, ESR2, ECT2, RUFY3, PRELP, EPHA3, UFL1, EPHA4, NREP, CHRDL1, 
ZFYVE27, HTR7, PBX3 
1.398590382 1 0.620735707 44.99080487 
GO:0019637~organophosphate metabolic process 25 7.142857143 0.031588841 
OPRM1, CLN3, ADSS, NAMPT, ATP1B1, PLEK, SGPP1, PGAP1, PRKAG2, UGDH, PDE3B, PARK2, EXTL2, GCH1, ADCYAP1, CDS2, NPHP3, 
SLC25A25, NT5C2, PIKFYVE, PIK3CA, GUCY1A3, TXNRD1, PLCB1, PAICS 
1.556910346 1 0.618416095 45.02424933 
GO:0061337~cardiac conduction 4 1.142857143 0.031914927 ANK2, KCNA5, KCNJ2, CXADR 5.741581568 1 0.619579569 45.36826058 
GO:0046040~IMP metabolic process 3 0.857142857 0.032870002 ADSS, NT5C2, PAICS 10.38550784 1 0.627949144 46.36415245 
GO:0003279~cardiac septum development 6 1.714285714 0.033031025 NPHP3, NOTCH2, ANK2, ROBO1, LMO4, PARVA 3.362926347 1 0.627140284 46.53035516 
GO:2000113~negative regulation of cellular 
macromolecule biosynthetic process 32 9.142857143 0.033083143 
BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, EIF4EBP2, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, 
YWHAB, HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 1.448645196 1 0.62511205 46.58404579 
GO:0009894~regulation of catabolic process 21 6 0.033281049 
RILP, CLN3, ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, PRKAG2, PDE3B, TXLNA, PARK2, MYLIP, MYCBP2, UFL1, LONP2, PIKFYVE, KLHL40, 
PIK3CA, FANCF, MSN, USP13 1.634755863 1 0.624743824 46.78745715 
GO:0097156~fasciculation of motor neuron axon 2 0.571428571 0.033580661 EPHA4, EPHA3 58.85121107 1 0.625515763 47.09400875 
GO:0009893~positive regulation of metabolic 
process 
73 20.85714286 0.034441574 
OPRM1, BACH1, NAMPT, ATP1B1, SLC6A1, TBK1, LMO4, PRKAG2, RASGEF1A, ZEB2, MYLIP, TLR5, TXLNA, ANKLE2, FOS, MYOCD, ANK2, 
RRN3, ROBO1, PAX8, GUCY1A3, PIK3CA, FANCF, MSN, NR2F2, ALX4, PLCB1, USP13, IRAK2, CLN3, CCDC88A, ESR2, NLRP3, TOX3, ECT2, 
ARHGAP26, EYA3, RASGRF2, TRIM34, PEG3, CAMTA1, TF, ONECUT1, KMT2A, SLF2, SOX2, PAXBP1, GCH1, ADCYAP1, ALDH1A2, ARHGAP42, 
CDC42EP3, TFDP1, COL4A3, RILP, BMP2, LAMTOR3, LRSAM1, PLEK, TAOK1, EPM2A, YWHAB, MALT1, PARK2, TET1, EPHA4, RPS6KA3, 
TNFSF10, PHF19, RNF4, ETS1, PBX3, SETD3 
1.234167885 1 0.632427287 47.96559021 
GO:0030163~protein catabolic process 21 6 0.035170896 
RILP, LRSAM1, UBE4A, DTL, FOXRED2, HERC3, PARK2, MYLIP, UBR1, PLG, MYCBP2, UFL1, LONP2, RNF4, TRIM9, KLHL40, UBXN8, MSN, 
USP48, FBXL3, USP13 1.62188377 1 0.637728093 48.69330067 
GO:0010556~regulation of macromolecule 
biosynthetic process 
71 20.28571429 0.035179569 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, EIF4EBP2, MYOCD, RRN3, SOSTDC1, PAX8, NR2F2, ALX4, PLCB1, 
USP13, IRAK2, PTPRK, FECH, CCDC88A, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, 
LCOR, PEG3, DSCC1, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, PRDM15, ELK4, PER3, LHX9, BAHD1, 
TFDP1, BMP2, NACC2, YWHAB, MALT1, MARCH8, PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, ETS1, PBX3, SETD3 
1.238055107 1 0.635292229 48.70189615 
GO:0032412~regulation of ion transmembrane 
transporter activity 
8 2.285714286 0.035263219 OPRM1, ATP1B1, SHISA9, ANK2, RASGRF2, FGF14, TCAF2, NRXN1 2.586866421 1 0.633670687 48.78472945 
GO:0055117~regulation of cardiac muscle 
contraction 
5 1.428571429 0.035269715 ATP1B1, ANK2, STC1, KCNA5, KCNJ2 4.030904868 1 0.631245575 48.79115646 
GO:0031667~response to nutrient levels 23 6.571428571 0.035319756 OPRM1, CLN3, ATP1B1, LRSAM1, SCN1A, SLC6A1, FGF14, TBK1, EPM2A, ESR2, TXLNA, PARK2, RRAGD, ADCYAP1, KANK2, ALDH1A2, TFRC, 
SLC25A25, NBR1, PIKFYVE, PIK3CA, STC1, FANCF 
1.577596567 1 0.629299361 48.84064324 
GO:0000082~G1/S transition of mitotic cell cycle 7 2 0.035994377 BACH1, NACC2, E2F6, KCNA5, PLCB1, PAICS, KANK2 2.86082276 1 0.633926861 49.50338299 
GO:0060612~adipose tissue development 4 1.142857143 0.036054685 NAMPT, SLC25A25, PIK3CA, FGL1 5.474531263 1 0.632109772 49.56223131 
GO:0086004~regulation of cardiac muscle cell 
contraction 
4 1.142857143 0.036054685 ANK2, STC1, KCNA5, KCNJ2 5.474531263 1 0.632109772 49.56223131 
GO:0010558~negative regulation of macromolecule 
biosynthetic process 
33 9.428571429 0.036614949 BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, EIF4EBP2, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, 
YWHAB, HMG20A, MARCH8, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 
1.426958094 1 0.635460376 50.10584394 
GO:0055076~transition metal ion homeostasis 6 1.714285714 0.037882951 FAM65B, TF, FECH, TFRC, PARK2, SLC31A1 3.239516206 1 0.64580992 51.31575582 
GO:0022898~regulation of transmembrane 
transporter activity 
8 2.285714286 0.039846152 OPRM1, ATP1B1, SHISA9, ANK2, RASGRF2, FGF14, TCAF2, NRXN1 2.517698869 1 0.662341924 53.13439166 
GO:0044085~cellular component biogenesis 55 15.71428571 0.040061911 
NDUFAF6, OCLN, SLC6A1, LMO4, FERMT2, RRN3, ANK2, SEH1L, TRIM9, MSN, LMOD1, TUBB1, CHRNA2, CLN3, PTPRK, FECH, CCDC88A, 
KIF11, ROCK1, NRXN1, GTF2H5, NLRP3, ECT2, PPM1E, CEP162, TRIM34, NBR1, TXNRD1, PARVA, KMT2A, ONECUT1, SLF2, KCNA1, KCNA5, 
KCNJ2, GCH1, KCNS3, MAP10, TMEM33, PIKFYVE, COL6A1, CDC42EP3, BAHD1, PTPRD, LRSAM1, NACC2, PLEK, YWHAB, MALT1, PARK2, 
DACH1, MTTP, EPHA3, RNF4, NPHS1 
1.280386317 1 0.661989711 53.33029433 
GO:0000278~mitotic cell cycle 19 5.428571429 0.040268577 
BACH1, NACC2, KIF11, E2F6, SLF2, BORA, BTC, KCNA5, ANKLE2, CCNG1, KANK2, NCAPH, TRIM35, MAP10, BRINP2, PLCB1, PAICS, TFDP1, 
DSCC1 
1.649222729 1 0.661557591 53.51721381 
GO:0060078~regulation of postsynaptic membrane 
potential 5 1.428571429 0.041646673 OPRM1, FGF14, PARK2, NRXN1, ADCYAP1 3.821507213 1 0.671801273 54.74563965 
GO:0007167~enzyme linked receptor protein 
signaling pathway 21 6 0.042795551 
NAMPT, PTPRK, FGF5, TF, BMP2, ONECUT1, FGF14, FERMT2, BTC, ESR2, EPHA3, EPHA4, NOTCH2, FOS, NREP, EIF4EBP2, CHRDL1, ZFYVE27, 
MYOCD, SOSTDC1, PLCB1 1.584455683 1 0.679637604 55.74619425 
GO:0044257~cellular protein catabolic process 18 5.142857143 0.042804277 UBE4A, DTL, FOXRED2, HERC3, PARK2, MYLIP, UBR1, PLG, UFL1, LONP2, RNF4, TRIM9, KLHL40, UBXN8, USP48, MSN, FBXL3, USP13 1.668223306 1 0.67741192 55.75371308 
GO:0016477~cell migration 28 8 0.042956759 ONECUT1, FERMT1, RASGEF1A, ZEB2, CXADR, ROBO1, PIK3CA, SEMA3A, MSN, PLCB1, NR2F2, CLN3, PTPRK, BMP2, CCDC88A, AIMP1, 
ROCK1, ESR2, DACH1, PLG, RUFY3, EPHA3, ELMO1, EPHA4, ETS1, TCAF2, STC1, PARVA 
1.463440417 1 0.676450224 55.88490389 
GO:0051254~positive regulation of RNA metabolic 
process 
35 10 0.04336815 BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, MYOCD, RRN3, PAX8, NR2F2, ALX4, 
PLCB1, TFDP1, IRAK2, BMP2, MALT1, ESR2, PARK2, NLRP3, TET1, TOX3, RPS6KA3, RNF4, ETS1, TRIM34, PBX3, SETD3, PEG3 
1.388000261 1 0.677732922 56.23701726 
GO:0007413~axonal fasciculation 3 0.857142857 0.04442782 EPHA4, SEMA3A, EPHA3 8.827681661 1 0.684474862 57.1317907 
GO:0003283~atrial septum development 3 0.857142857 0.04442782 NPHP3, NOTCH2, ANK2 8.827681661 1 0.684474862 57.1317907 
GO:0008406~gonad development 10 2.857142857 0.045403679 TNFSF10, TNFRSF10B, RNF4, FANCF, TLR5, ESR2, SEMA3A, LHX9, FNDC3A, ADCYAP1 2.132290256 1 0.690320029 57.940458 
GO:0031329~regulation of cellular catabolic 
process 
18 5.142857143 0.045838783 
CLN3, ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, PRKAG2, TXLNA, MYLIP, PARK2, UFL1, LONP2, PIKFYVE, KLHL40, PIK3CA, FANCF, MSN, 
USP13 
1.652608111 1 0.691643634 58.29634376 
GO:0050767~regulation of neurogenesis 21 6 0.045904057 
OPRM1, TF, BMP2, PTPRD, CCDC88A, SOX2, HMG20A, ZEB2, PARK2, ECT2, RUFY3, ADCYAP1, EPHA3, UFL1, EPHA4, NREP, BRINP2, RRN3, 
ROBO1, HTR7, SEMA3A 
1.572360601 1 0.689966139 58.34948735 
GO:0035637~multicellular organismal signaling 6 1.714285714 0.045939719 SCN1A, ANK2, KCNA1, KCNA5, KCNJ2, CXADR 3.070497969 1 0.688060181 58.37849464 
GO:0007178~transmembrane receptor protein 
serine/threonine kinase signaling pathway 
11 3.142857143 0.046561086 NOTCH2, PTPRK, TF, FOS, NREP, BMP2, CHRDL1, ONECUT1, MYOCD, SOSTDC1, FERMT2 2.023010381 1 0.690875447 58.88085544 
GO:0044702~single organism reproductive process 29 8.285714286 0.046782403 OPRM1, PCDHA8, PCDHA3, DIAPH3, SOX2, TLR5, CXADR, ADCYAP1, MYOCD, KIF6, SOSTDC1, PCDHA10, FANCF, SEMA3A, NR2F2, PLCB1, 
LHX9, FNDC3A, BMP2, ESR2, PLG, NOTCH2, TNFSF10, TNFRSF10B, RNF4, TCFL5, ETS1, TXNRD1, STC1 
1.440240609 1 0.690471475 59.05839469 
GO:0051247~positive regulation of protein 
metabolic process 
34 9.714285714 0.04685551 OPRM1, TF, KMT2A, TBK1, PRKAG2, SOX2, ZEB2, MYLIP, PAXBP1, ANKLE2, ADCYAP1, ROBO1, PIK3CA, MSN, PLCB1, USP13, IRAK2, CLN3, 
COL4A3, RILP, BMP2, LAMTOR3, CCDC88A, PLEK, TAOK1, MALT1, PARK2, ESR2, NLRP3, ECT2, TET1, EPHA4, TNFSF10, PHF19 
1.38761524 1 0.68889727 59.11688102 
 289 
GO:0034330~cell junction organization 8 2.285714286 0.046986428 PTPRK, OCLN, ROCK1, ANK2, FERMT2, CXADR, ECT2, EPHA3 2.426854065 1 0.687792186 59.22141937 
GO:0022414~reproductive process 32 9.142857143 0.047334582 
OPRM1, NAMPT, PCDHA8, PCDHA3, SOX2, DIAPH3, TLR5, CXADR, ADCYAP1, FOS, MYOCD, KIF6, SOSTDC1, PCDHA10, FANCF, SEMA3A, 
NR2F2, PLCB1, LHX9, FNDC3A, BMP2, DACH1, ESR2, PLG, NOTCH2, TNFSF10, TNFRSF10B, TCFL5, RNF4, ETS1, TXNRD1, STC1 
1.40435403 1 0.688409384 59.49819253 
GO:1903115~regulation of actin filament-based 
movement 
4 1.142857143 0.047542425 ANK2, STC1, KCNA5, KCNJ2 4.904267589 1 0.687921957 59.66257356 
GO:0010976~positive regulation of neuron 
projection development 
10 2.857142857 0.048052831 EPHA4, PTPRD, RRN3, ROBO1, HTR7, ZEB2, PARK2, RUFY3, ADCYAP1, EPHA3 2.109362404 1 0.68979176 60.06357397 
GO:0000122~negative regulation of transcription 
from RNA polymerase II promoter 
20 5.714285714 0.048094098 
BACH1, BMP2, NACC2, SOX2, HMG20A, ZEB2, ESR2, PARK2, DACH1, KANK2, FOXP2, NOTCH2, PHF19, MYOCD, ELK4, MNT, PER3, LCOR, 
NR2F2, PEG3 
1.590573272 1 0.688017716 60.09583026 
GO:1901701~cellular response to oxygen-
containing compound 
26 7.428571429 0.048242121 
NAMPT, TF, PDE3B, TLR5, RRAGD, KANK2, ALDH1A2, FOS, BRINP2, EIF4EBP2, PIK3CA, COL6A1, MSN, IRAK2, PTPRK, LAMTOR3, FECH, PARK2, 
UBR1, ESR2, NLRP3, ECT2, EPHA3, RNF4, ETS1, STC1 
1.472696331 1 0.687079763 60.2113286 
GO:0035304~regulation of protein 
dephosphorylation 
7 2 0.04853865 BMP2, ROCK1, PLEK, SEH1L, RIMBP2, YWHAB, ANKLE2 2.657796629 1 0.6872922 60.44175127 
GO:0008104~protein localization 47 13.42857143 0.048947033 
OPRM1, ATP1B1, RAB5B, SLF2, FERMT2, KCNA1, SLC9A2, PDE3B, TLR5, KRT20, ZDHHC23, LONP2, FRMD6, ANK2, TMEM33, PIKFYVE, EXOC6, 
PDE8B, MSN, USH2A, CLN3, PTPRK, LAMTOR3, LRSAM1, NACC2, ROCK1, PLEK, PGAP1, YWHAB, WLS, NRXN1, PARK2, NLRP3, APPL1, ECT2, 
RUFY3, MTTP, ZDHHC15, NOTCH2, PITPNM1, RAB30, ZFYVE27, TFRC, NPHS1, TCAF2, SPCS2, RNF19B 
1.297985415 1 0.68835542 60.75702563 
GO:0055080~cation homeostasis 17 4.857142857 0.048963319 OPRM1, CLN3, TF, ATP1B1, FECH, SLC9A2, KCNA1, KCNA5, PARK2, ADCYAP1, FAM65B, SLC26A4, TFRC, ANK2, SLC35G1, STC1, SLC31A1 1.66745098 1 0.686431531 60.76954895 
GO:0021543~pallium development 8 2.285714286 0.049109549 ROBO1, KCNA1, SOX2, ZEB2, SEMA3A, PLCB1, HTR5A, FOXP2 2.402090248 1 0.685506217 60.8818258 
GO:0010468~regulation of gene expression 75 21.42857143 0.049942235 
BACH1, FGF5, NAMPT, ATP1B1, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, EIF4EBP2, MYOCD, ANK2, RRN3, SOSTDC1, PAX8, 
PIK3CA, MSN, NR2F2, ALX4, PLCB1, USP13, IRAK2, PTPRK, FECH, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, 
TRIM34, MNT, LIN54, LCOR, PEG3, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, ALDH1A2, PRDM15, 
ELK4, MBNL3, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, YWHAB, MALT1, PARK2, DACH1, TET1, FOXP2, NOTCH2, RPS6KA3, PHF19, RNF4, 
ETS1, PBX3, SETD3 
1.20596744 1 0.689750294 61.51539895 
GO:0097155~fasciculation of sensory neuron axon 2 0.571428571 0.049947165 EPHA4, EPHA3 39.23414072 1 0.687774474 61.5191209 
GO:0061356~regulation of Wnt protein secretion 2 0.571428571 0.049947165 OPRM1, WLS 39.23414072 1 0.687774474 61.5191209 
GO:0061355~Wnt protein secretion 2 0.571428571 0.049947165 OPRM1, WLS 39.23414072 1 0.687774474 61.5191209 
GO:0006953~acute-phase response 4 1.142857143 0.050031043 TF, TFRC, HPS5, EPHA3 4.804180496 1 0.686397354 61.5823948 
GO:0032872~regulation of stress-activated MAPK 
cascade 
8 2.285714286 0.0502527 EPHA4, TF, BMP2, TAOK1, NBR1, ZEB2, PARK2, PLCB1 2.389896896 1 0.686054323 61.74912937 
GO:0021953~central nervous system neuron 
differentiation 
8 2.285714286 0.0502527 EPHA4, ROBO1, LMO4, SOX2, ZEB2, SEMA3A, NRXN1, MYCBP2 2.389896896 1 0.686054323 61.74912937 
GO:0048584~positive regulation of response to 
stimulus 
42 12 0.050751412 
OPRM1, TF, ATP1B1, C9, KMT2A, SLC6A1, TBK1, SLF2, SOX2, RASGEF1A, ZEB2, TXLNA, TLR5, ADCYAP1, UNC5B, MYOCD, PIK3CA, FANCF, 
PLCB1, USP13, IRAK2, BMP2, LAMTOR3, LRSAM1, NACC2, PLEK, GOLT1B, TAOK1, EPM2A, MALT1, PARK2, ESR2, WLS, NLRP3, ECT2, PLG, 
C8A, EYA3, NOTCH2, EPHA4, RPS6KA3, TNFSF10 
1.321085444 1 0.687758033 62.121771 
GO:0045664~regulation of neuron differentiation 18 5.142857143 0.051179932 
PTPRD, BMP2, CCDC88A, SOX2, HMG20A, ZEB2, PARK2, ECT2, RUFY3, ADCYAP1, EPHA3, EPHA4, NREP, BRINP2, RRN3, ROBO1, HTR7, 
SEMA3A 1.629725845 1 0.688925023 62.43921723 
GO:0070302~regulation of stress-activated protein 
kinase signaling cascade 8 2.285714286 0.051680774 EPHA4, TF, BMP2, TAOK1, NBR1, ZEB2, PARK2, PLCB1 2.37782671 1 0.690598639 62.80704842 
GO:0050673~epithelial cell proliferation 12 3.428571429 0.051825293 ALDH1A2, POLD4, NOTCH2, PTPRK, BMP2, AIMP1, ROBO1, SOX2, FERMT1, ESR2, NR2F2, FOXP2 1.908687927 1 0.68969324 62.91255195 
GO:0045944~positive regulation of transcription 
from RNA polymerase II promoter 
26 7.428571429 0.051911827 
BACH1, NAMPT, CAMTA1, ONECUT1, KMT2A, TBK1, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, MYOCD, PAX8, ALX4, BMP2, PARK2, ESR2, 
NLRP3, TET1, RPS6KA3, RNF4, ETS1, PBX3, SETD3, PEG3 
1.462840811 1 0.688378425 62.97558863 
GO:0031325~positive regulation of cellular 
metabolic process 
61 17.42857143 0.052037288 
OPRM1, BACH1, NAMPT, ATP1B1, SLC6A1, TBK1, LMO4, PRKAG2, ZEB2, TLR5, TXLNA, ANKLE2, FOS, RRN3, MYOCD, ROBO1, PAX8, GUCY1A3, 
PIK3CA, FANCF, MSN, NR2F2, ALX4, PLCB1, IRAK2, CLN3, CCDC88A, ESR2, NLRP3, TOX3, ECT2, EYA3, TRIM34, PEG3, CAMTA1, TF, KMT2A, 
ONECUT1, SLF2, SOX2, PAXBP1, ADCYAP1, TFDP1, COL4A3, BMP2, LAMTOR3, LRSAM1, PLEK, TAOK1, EPM2A, MALT1, PARK2, TET1, EPHA4, 
RPS6KA3, TNFSF10, PHF19, RNF4, ETS1, PBX3, SETD3 
1.239186702 1 0.687351539 63.06680209 
GO:0016567~protein ubiquitination 18 5.142857143 0.052203978 
BACH1, LRSAM1, UBE4A, DTL, MALT1, HERC3, MARCH8, PARK2, MYLIP, KLHDC7B, RNF182, UFL1, RNF4, TRIM9, KLHL40, FANCF, RNF19B, 
FBXL3 
1.624726686 1 0.686627402 63.18766123 
GO:0086002~cardiac muscle cell action potential 
involved in contraction 
3 0.857142857 0.052841558 ANK2, KCNA5, KCNJ2 8.025165146 1 0.689252451 63.64649631 
GO:0007389~pattern specification process 14 4 0.053000629 BMP2, KMT2A, PGAP1, ZEB2, WLS, NOTCH2, ALDH1A2, NPHP3, SOSTDC1, PAX8, STC1, SEMA3A, ALX4, NR2F2 1.775683093 1 0.68847765 63.76012503 
GO:0051603~proteolysis involved in cellular protein 
catabolic process 
17 4.857142857 0.053495359 UBE4A, DTL, FOXRED2, HERC3, MYLIP, UBR1, PARK2, PLG, UFL1, LONP2, RNF4, TRIM9, KLHL40, UBXN8, USP48, FBXL3, USP13 1.650941565 1 0.69005942 64.11138084 
GO:0034329~cell junction assembly 7 2 0.053692056 PTPRK, OCLN, ROCK1, ANK2, FERMT2, ECT2, EPHA3 2.590933821 1 0.689552948 64.2501374 
GO:0035303~regulation of dephosphorylation 7 2 0.053692056 BMP2, ROCK1, PLEK, SEH1L, RIMBP2, YWHAB, ANKLE2 2.590933821 1 0.689552948 64.2501374 
GO:0021954~central nervous system neuron 
development 5 1.428571429 0.054271811 EPHA4, ROBO1, ZEB2, SEMA3A, MYCBP2 3.503048278 1 0.691695164 64.65616884 
GO:0045934~negative regulation of nucleobase-
containing compound metabolic process 32 9.142857143 0.055094943 
OPRM1, BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, YWHAB, 
HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 1.386773751 1 0.695453285 65.22515835 
GO:0019933~cAMP-mediated signaling 4 1.142857143 0.055194505 OPRM1, EIF4EBP2, HTR5A, ADCYAP1 4.615781261 1 0.694282882 65.29338965 
GO:0009314~response to radiation 14 4 0.05592952 OPRM1, PTPRK, FECH, KMT2A, MAT2A, DTL, TANC1, GTF2H5, ECT2, EYA3, FOS, RNF4, PDE8B, FBXL3 1.760506314 1 0.697378461 65.79320157 
GO:0019932~second-messenger-mediated 
signaling 8 2.285714286 0.055935436 OPRM1, ATP1B1, EIF4EBP2, ANK2, GUCY1A3, TOX3, HTR5A, ADCYAP1 2.330741033 1 0.695594749 65.79719704 
GO:0006497~protein lipidation 5 1.428571429 0.056226757 ZDHHC2, ZDHHC15, ZDHHC23, PGAP1, MTTP 3.461835945 1 0.695716012 65.99338301 
GO:0006942~regulation of striated muscle 
contraction 
5 1.428571429 0.056226757 ATP1B1, ANK2, STC1, KCNA5, KCNJ2 3.461835945 1 0.695716012 65.99338301 
GO:0008016~regulation of heart contraction 7 2 0.056388746 ATP1B1, ANK2, STC1, SEMA3A, KCNA5, KCNJ2, CXADR 2.558748308 1 0.694982499 66.10201095 
GO:0048870~cell motility 30 8.571428571 0.056756346 
TF, ONECUT1, FERMT1, RASGEF1A, ZEB2, CXADR, ROBO1, PIK3CA, MSN, SEMA3A, PLCB1, NR2F2, CLN3, PTPRK, BMP2, CCDC88A, ROCK1, 
AIMP1, ESR2, DACH1, PLG, RUFY3, EPHA3, ELMO1, EPHA4, ETS1, TCAF2, STC1, WDR44, PARVA 1.401219311 1 0.69560824 66.34730268 
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GO:0051674~localization of cell 30 8.571428571 0.056756346 
TF, ONECUT1, FERMT1, RASGEF1A, ZEB2, CXADR, ROBO1, PIK3CA, MSN, SEMA3A, PLCB1, NR2F2, CLN3, PTPRK, BMP2, CCDC88A, ROCK1, 
AIMP1, ESR2, DACH1, PLG, RUFY3, EPHA3, ELMO1, EPHA4, ETS1, TCAF2, STC1, WDR44, PARVA 1.401219311 1 0.69560824 66.34730268 
GO:0086065~cell communication involved in 
cardiac conduction 3 0.857142857 0.05724346 ANK2, KCNA5, CXADR 7.676244923 1 0.697006489 66.66975659 
GO:0090257~regulation of muscle system process 8 2.285714286 0.058441101 ATP1B1, ANK2, MYOCD, KCNA1, GUCY1A3, STC1, KCNA5, KCNJ2 2.30789063 1 0.702937728 67.45016975 
GO:1903522~regulation of blood circulation 9 2.571428571 0.058540252 ATP1B1, ANK2, STC1, ESR2, SEMA3A, KCNA5, KCNJ2, CXADR, ADCYAP1 2.153093088 1 0.701804164 67.51399835 
GO:0098771~inorganic ion homeostasis 17 4.857142857 0.059188918 OPRM1, CLN3, TF, ATP1B1, FECH, SLC9A2, KCNA1, KCNA5, PARK2, ADCYAP1, FAM65B, SLC26A4, TFRC, ANK2, SLC35G1, STC1, SLC31A1 1.626781444 1 0.704145947 67.92866226 
GO:0006796~phosphate-containing compound 
metabolic process 60 17.14285714 0.059363214 
OPRM1, PRKAG3, NAMPT, ATP1B1, TBK1, FGF14, SGPP1, PRKAG2, PDE3B, ZEB2, ANKLE2, CDS2, SLC25A25, MYOCD, SEH1L, NT5C2, MOB3A, 
GUCY1A3, PIK3CA, NR2F2, PLCB1, SIK3, IRAK2, CLN3, PTPRK, FECH, CCDC88A, ROCK1, PGAP1, RIMBP2, ESR2, ECT2, TBCK, EYA3, PPM1E, 
NBR1, TXNRD1, ADSS, TF, SOX2, UGDH, EXTL2, GCH1, ADCYAP1, NPHP3, PIKFYVE, BMP2, LAMTOR3, PTPRD, PLEK, TAOK1, EPM2A, YWHAB, 
MALT1, PARK2, EPHA3, EPHA4, RPS6KA3, NPHS1, PAICS 
1.232056059 1 0.703493462 68.03922584 
GO:1902533~positive regulation of intracellular 
signal transduction 
22 6.285714286 0.06005154 
IRAK2, OPRM1, TF, BMP2, LAMTOR3, NACC2, GOLT1B, TAOK1, TBK1, SOX2, RASGEF1A, ZEB2, MALT1, ESR2, PARK2, ECT2, ADCYAP1, EPHA4, 
NOTCH2, TNFSF10, UNC5B, PLCB1 
1.502003067 1 0.70604045 68.47234431 
GO:0050804~modulation of synaptic transmission 11 3.142857143 0.060695386 SHISA7, SHISA9, EIF4EBP2, KMT2A, SLC6A1, RASGRF2, FGF14, HTR7, PARK2, NRXN1, ADCYAP1 1.926676553 1 0.7082729 68.87244182 
GO:0016070~RNA metabolic process 76 21.71428571 0.060899439 
BACH1, NAMPT, TBK1, E2F6, LMO4, ZEB2, ZKSCAN4, KANK2, CBX5, FOS, MYOCD, RRN3, DHX37, SOSTDC1, PAX8, MAGOHB, NR2F2, ALX4, 
PLCB1, USP13, IRAK2, PTPRK, HMG20A, GTF2H5, ESR2, NLRP3, TOX3, EYA3, SARNP, UFL1, CHRDL1, TCFL5, TRIM34, MNT, LIN54, LCOR, 
PEG3, CAMTA1, SBNO1, TF, HYPM, ONECUT1, KMT2A, SCML2, SOX2, PAXBP1, ADCYAP1, QRSL1, PRDM15, ELK4, TRDMT1, QTRTD1, MARS2, 
MBNL3, PER3, LHX9, BAHD1, TFDP1, BMP2, NACC2, RNASE6, YWHAB, MALT1, PARK2, DACH1, ETF1, TET1, FOXP2, NOTCH2, RPS6KA3, 
PHF19, RNF4, ETS1, PBX3, SETD3, TXNL4A 
1.191129705 1 0.70780221 68.99823828 
GO:0032147~activation of protein kinase activity 9 2.571428571 0.061302664 IRAK2, TF, LAMTOR3, BMP2, CCDC88A, TAOK1, PRKAG2, MALT1, ECT2 2.127152207 1 0.708543036 69.24540841 
GO:0033993~response to lipid 28 8 0.061391983 OPRM1, SLC6A1, SOX2, TLR5, GCH1, ADCYAP1, KANK2, ALDH1A2, FOS, BRINP2, PIK3CA, MSN, NR2F2, HTR5A, IRAK2, BMP2, FECH, PARK2, 
ESR2, NLRP3, EPHA3, RPS6KA3, TNFRSF10B, TFRC, RNF4, ETS1, HTR7, STC1 
1.41202563 1 0.707383737 69.29990663 
GO:0086091~regulation of heart rate by cardiac 
conduction 
3 0.857142857 0.061767958 ANK2, KCNA5, KCNJ2 7.356401384 1 0.707958191 69.52830789 
GO:0071310~cellular response to organic substance 44 12.57142857 0.061801682 
OPRM1, TF, FGF5, NAMPT, ONECUT1, FGF14, FERMT2, PDE3B, TLR5, RRAGD, ADCYAP1, KANK2, FOS, ALDH1A2, GSTM3, EIF4EBP2, BRINP2, 
MYOCD, ROBO1, SOSTDC1, PAX8, PIK3CA, COL6A1, MSN, NR2F2, PLCB1, IRAK2, PTPRK, BMP2, LAMTOR3, FECH, UBR1, PARK2, ESR2, NLRP3, 
EPHA3, NOTCH2, NREP, TNFRSF10B, CHRDL1, ZFYVE27, IL20RB, RNF4, STC1 
1.290210905 1 0.706476418 69.54871572 
GO:0010604~positive regulation of macromolecule 
metabolic process 
58 16.57142857 0.061820931 
OPRM1, BACH1, NAMPT, TBK1, LMO4, PRKAG2, ZEB2, MYLIP, ANKLE2, FOS, RRN3, MYOCD, ANK2, ROBO1, PAX8, PIK3CA, MSN, NR2F2, 
ALX4, PLCB1, USP13, IRAK2, CLN3, CCDC88A, ESR2, NLRP3, TOX3, ECT2, EYA3, TRIM34, PEG3, CAMTA1, TF, KMT2A, ONECUT1, SLF2, SOX2, 
PAXBP1, ADCYAP1, ALDH1A2, TFDP1, COL4A3, RILP, BMP2, LAMTOR3, PLEK, TAOK1, MALT1, PARK2, TET1, EPHA4, RPS6KA3, TNFSF10, 
PHF19, RNF4, ETS1, PBX3, SETD3 
1.234938583 1 0.704913963 69.5603585 
GO:0044843~cell cycle G1/S phase transition 7 2 0.062023085 BACH1, NACC2, E2F6, KCNA5, PLCB1, PAICS, KANK2 2.496718046 1 0.704456833 69.68237846 
GO:0043266~regulation of potassium ion transport 5 1.428571429 0.062316084 ATP1B1, ANK2, KCNA5, KCNJ2, ADCYAP1 3.343818811 1 0.70454635 69.85840987 
GO:0051093~negative regulation of developmental 
process 
24 6.857142857 0.062673417 
COL4A3, BMP2, ROCK1, AIMP1, SOX2, PDE3B, HMG20A, PARK2, CXADR, TET1, RUFY3, ADCYAP1, EPHA3, EPHA4, NPHP3, PHF19, MYOCD, 
ROBO1, SOSTDC1, NBR1, PAX8, SEMA3A, MBNL3, USH2A 
1.466696849 1 0.705017696 70.07178419 
GO:0051781~positive regulation of cell division 6 1.714285714 0.063170823 FGF5, MAP10, SLF2, BTC, PLCB1, ECT2 2.802438623 1 0.706310396 70.3664213 
GO:0051173~positive regulation of nitrogen 
compound metabolic process 
40 11.42857143 0.064279483 
OPRM1, BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SLF2, SOX2, ZEB2, TLR5, PAXBP1, ADCYAP1, FOS, RRN3, MYOCD, 
PAX8, GUCY1A3, NR2F2, PLCB1, ALX4, TFDP1, IRAK2, BMP2, MALT1, PARK2, ESR2, NLRP3, TET1, TOX3, EYA3, RPS6KA3, RNF4, TRIM34, ETS1, 
PBX3, SETD3, PEG3 
1.307804691 1 0.711134714 71.0132855 
GO:0031016~pancreas development 5 1.428571429 0.064420156 ALDH1A2, NPHP3, ONECUT1, PDE3B, WLS 3.306247813 1 0.710318517 71.09440175 
GO:0001894~tissue homeostasis 8 2.285714286 0.064736579 NPHP3, TF, TFRC, IL20RB, KMT2A, CXADR, USH2A, SLC28A3 2.252677936 1 0.710516765 71.27607515 
GO:0042692~muscle cell differentiation 12 3.428571429 0.064779865 BMP2, ANK2, MYOCD, NPHS1, KLHL40, TANC1, LMOD1, MBNL3, PLCB1, CXADR, SETD3, PLG 1.829571329 1 0.709151375 71.30084375 
GO:0051240~positive regulation of multicellular 
organismal process 
35 10 0.065619805 OPRM1, TF, TBK1, SOX2, ZEB2, TLR5, ADCYAP1, FOS, BRINP2, RRN3, MYOCD, ROBO1, PAX8, SEMA3A, PLCB1, BMP2, PTPRD, PLEK, MALT1, 
NRXN1, PARK2, ESR2, NLRP3, ECT2, PLG, RUFY3, FOXP2, EPHA3, UFL1, EPHA4, NOTCH2, IL20RB, TFRC, ETS1, HTR7 
1.338396613 1 0.71232775 71.77747725 
GO:0003383~apical constriction 2 0.571428571 0.066037446 FRMD6, ROCK1 29.42560554 1 0.713084192 72.01167464 
GO:0098904~regulation of AV node cell action 
potential 
2 0.571428571 0.066037446 ANK2, CXADR 29.42560554 1 0.713084192 72.01167464 
GO:0003205~cardiac chamber development 7 2 0.06650197 NPHP3, NOTCH2, ANK2, MYOCD, ROBO1, LMO4, PARVA 2.437624127 1 0.714094393 72.27000186 
GO:0042158~lipoprotein biosynthetic process 5 1.428571429 0.066561076 ZDHHC2, ZDHHC15, ZDHHC23, PGAP1, MTTP 3.269511726 1 0.712842584 72.30270905 
GO:0033555~multicellular organismal response to 
stress 
5 1.428571429 0.066561076 HTR7, PDE8B, ESR2, GCH1, ADCYAP1 3.269511726 1 0.712842584 72.30270905 
GO:0045935~positive regulation of nucleobase-
containing compound metabolic process 
38 10.85714286 0.066923939 
BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SLF2, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, MYOCD, RRN3, PAX8, GUCY1A3, 
NR2F2, PLCB1, ALX4, TFDP1, IRAK2, BMP2, MALT1, PARK2, ESR2, NLRP3, TET1, TOX3, EYA3, RPS6KA3, RNF4, TRIM34, ETS1, PBX3, SETD3, 
PEG3 
1.315497659 1 0.713284411 72.50270621 
GO:0031647~regulation of protein stability 8 2.285714286 0.067489629 QRSL1, ATP1B1, BMP2, ANK2, PARK2, MYLIP, FBXL3, USP13 2.231325538 1 0.714838272 72.81177024 
GO:0003382~epithelial cell morphogenesis 4 1.142857143 0.069156273 FRMD6, ROCK1, PAX8, STC1 4.203657934 1 0.722303192 73.70334209 
GO:0043269~regulation of ion transport 17 4.857142857 0.069376863 OPRM1, ATP1B1, SCN1A, SLC6A1, FGF14, KCNA1, NRXN1, KCNA5, KCNJ2, ADCYAP1, KCNS3, SHISA9, RASGRF2, ANK2, HTR7, TCAF2, STC1 1.590573272 1 0.7219343 73.81925156 
GO:0030182~neuron differentiation 31 8.857142857 0.070143146 
LMO4, SOX2, ZEB2, ADCYAP1, MYCBP2, ALDH1A2, BRINP2, UNC5B, RRN3, ROBO1, SEMA3A, LRFN5, LHX9, USH2A, PTPRK, BMP2, PTPRD, 
CCDC88A, HMG20A, PARK2, NRXN1, ECT2, RUFY3, EPHA3, PRELP, EPHA4, NREP, CHRDL1, ZFYVE27, HTR7, PBX3 
1.362500032 1 0.724448651 74.218152 
GO:0021761~limbic system development 6 1.714285714 0.070226422 ETS1, KCNA1, ZEB2, ESR2, SEMA3A, HTR5A 2.716209742 1 0.723357651 74.26115437 
GO:0030534~adult behavior 7 2 0.070352139 OPRM1, EPHA4, SCN1A, FGF14, PARK2, NRXN1, PBX3 2.409113904 1 0.722494462 74.32594412 
GO:0032259~methylation 10 2.857142857 0.070382734 OCLN, PHF19, KMT2A, TRDMT1, PIK3CA, GCSH, PAXBP1, ETF1, TET1, SETD3 1.961707036 1 0.721137181 74.34168823 
GO:0018345~protein palmitoylation 3 0.857142857 0.071163364 ZDHHC2, ZDHHC15, ZDHHC23 6.790524355 1 0.723698211 74.740322 
GO:0021952~central nervous system projection 
neuron axonogenesis 
3 0.857142857 0.071163364 EPHA4, ZEB2, MYCBP2 6.790524355 1 0.723698211 74.740322 
GO:0008015~blood circulation 13 3.714285714 0.071438045 ATP1B1, ANK2, HTR7, GUCY1A3, STC1, ESR2, SEMA3A, KCNA5, KCNJ2, CXADR, NR2F2, GCH1, ADCYAP1 1.738785782 1 0.723616523 74.87919 
GO:0022402~cell cycle process 24 6.857142857 0.071514273 
BACH1, NACC2, KIF11, E2F6, SLF2, BORA, SOX2, BTC, DACH1, KCNA5, ANKLE2, CCNG1, ECT2, KANK2, NOTCH2, NCAPH, MAP10, BRINP2, 
RNF4, SEH1L, TUBB1, PLCB1, PAICS, DSCC1 
1.43978498 1 0.722512987 74.91759967 
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GO:0072659~protein localization to plasma 
membrane 8 2.285714286 0.072697525 CLN3, ZDHHC23, ATP1B1, ROCK1, ZFYVE27, ANK2, NRXN1, APPL1 2.189812505 1 0.727074682 75.50673477 
GO:0003002~regionalization 11 3.142857143 0.072922634 ALDH1A2, NOTCH2, BMP2, KMT2A, PGAP1, PAX8, ZEB2, SEMA3A, WLS, ALX4, NR2F2 1.86023943 1 0.726733059 75.61732216 
GO:0035690~cellular response to drug 5 1.428571429 0.073202844 GSTM3, PPM1E, TFRC, KMT2A, ESR2 3.164043606 1 0.726671528 75.75431901 
GO:0051960~regulation of nervous system 
development 22 6.285714286 0.07347773 
OPRM1, TF, BMP2, PTPRD, CCDC88A, SOX2, HMG20A, ZEB2, PARK2, NRXN1, ECT2, RUFY3, ADCYAP1, EPHA3, UFL1, EPHA4, NREP, BRINP2, 
RRN3, ROBO1, HTR7, SEMA3A 1.469610265 1 0.726584218 75.8880046 
GO:0048167~regulation of synaptic plasticity 7 2 0.073490158 SHISA7, SHISA9, EIF4EBP2, KMT2A, RASGRF2, FGF14, HTR7 2.381262876 1 0.725183626 75.89403187 
GO:0055065~metal ion homeostasis 15 4.285714286 0.07366136 OPRM1, CLN3, TF, ATP1B1, FECH, KCNA1, KCNA5, PARK2, ADCYAP1, FAM65B, ANK2, SLC35G1, TFRC, STC1, SLC31A1 1.643888577 1 0.724584058 75.97692063 
GO:0098779~activation of mitophagy in response to 
mitochondrial depolarization 
6 1.714285714 0.073910762 ATP1B1, SLC6A1, PIK3CA, FANCF, TXLNA, PARK2 2.675055049 1 0.724379122 76.09718715 
GO:0098780~response to mitochondrial 
depolarisation 
6 1.714285714 0.073910762 ATP1B1, SLC6A1, PIK3CA, FANCF, TXLNA, PARK2 2.675055049 1 0.724379122 76.09718715 
GO:0007267~cell-cell signaling 23 6.571428571 0.075064869 
OPRM1, BMP2, KMT2A, AIMP1, SLC6A1, FGF14, SOX2, PDE3B, PARK2, NRXN1, WLS, KCNA5, ADCYAP1, SHISA7, SHISA9, EIF4EBP2, RASGRF2, 
ANK2, TRIM9, HTR7, PAX8, PDE8B, CHRNA2 
1.44767685 1 0.728646884 76.64634041 
GO:0060048~cardiac muscle contraction 5 1.428571429 0.075489015 ATP1B1, ANK2, STC1, KCNA5, KCNJ2 3.130383568 1 0.729285222 76.84514296 
GO:0071214~cellular response to abiotic stimulus 10 2.857142857 0.075592701 PTPRK, ADSS, BMP2, TNFRSF10B, RNF4, TLR5, ESR2, GTF2H5, KCNJ2, ECT2 1.935895101 1 0.72836071 76.89349735 
GO:0003013~circulatory system process 13 3.714285714 0.07564178 ATP1B1, ANK2, HTR7, GUCY1A3, STC1, ESR2, SEMA3A, KCNA5, KCNJ2, CXADR, NR2F2, GCH1, ADCYAP1 1.727010709 1 0.727174524 76.9163524 
GO:0050680~negative regulation of epithelial cell 
proliferation 
6 1.714285714 0.07579181 PTPRK, AIMP1, ROBO1, SOX2, ESR2, NR2F2 2.654941853 1 0.726484541 76.98608573 
GO:0090075~relaxation of muscle 3 0.857142857 0.076023944 ATP1B1, GUCY1A3, KCNJ2 6.539023453 1 0.726197303 77.09358731 
GO:0009896~positive regulation of catabolic 
process 
13 3.714285714 0.076230736 RILP, ATP1B1, LRSAM1, SLC6A1, TBK1, EPM2A, MYLIP, PARK2, TXLNA, PIK3CA, FANCF, MSN, USP13 1.723121045 1 0.725789609 77.1889529 
GO:0010770~positive regulation of cell 
morphogenesis involved in differentiation 
7 2 0.07670586 EPHA4, BMP2, PTPRD, ROBO1, PAX8, ZEB2, RUFY3 2.354048443 1 0.726678663 77.40664254 
GO:0009952~anterior/posterior pattern 
specification 
8 2.285714286 0.077136729 ALDH1A2, BMP2, KMT2A, PGAP1, ZEB2, WLS, ALX4, NR2F2 2.159677471 1 0.727347441 77.60235409 
GO:0008306~associative learning 5 1.428571429 0.077810902 CLN3, FOS, KMT2A, TANC1, PDE8B 3.097432162 1 0.729164873 77.90536548 
GO:0090066~regulation of anatomical structure 
size 14 4 0.078350604 RILP, PLEK, ESR2, RUFY3, ADCYAP1, GCH1, HTR7, NPHS1, TMEM123, GUCY1A3, MSN, LMOD1, SEMA3A, CDC42EP3 1.667848087 1 0.730327137 78.14513737 
GO:0009117~nucleotide metabolic process 16 4.571428571 0.079155516 OPRM1, NAMPT, ADSS, ATP1B1, PRKAG2, UGDH, PDE3B, PARK2, EXTL2, ADCYAP1, NPHP3, SLC25A25, NT5C2, GUCY1A3, TXNRD1, PAICS 1.590573272 1 0.732711264 78.49816349 
GO:0031346~positive regulation of cell projection 
organization 
11 3.142857143 0.079568939 EPHA4, PTPRD, RRN3, ROBO1, HTR7, ZEB2, PARK2, CDC42EP3, RUFY3, ADCYAP1, EPHA3 1.828709949 1 0.733256799 78.67738206 
GO:0051172~negative regulation of nitrogen 
compound metabolic process 
33 9.428571429 0.080032214 
OPRM1, BACH1, HYPM, SOX2, ZEB2, KANK2, CBX5, EIF4EBP2, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, 
NACC2, YWHAB, HMG20A, DACH1, PARK2, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 
1.328378909 1 0.734026791 78.87653168 
GO:0003006~developmental process involved in 
reproduction 
19 5.428571429 0.080071232 
SOX2, ESR2, TLR5, DACH1, PLG, ADCYAP1, NOTCH2, TNFSF10, TNFRSF10B, RNF4, MYOCD, KIF6, STC1, TXNRD1, FANCF, SEMA3A, NR2F2, 
FNDC3A, LHX9 
1.506971712 1 0.732847813 78.89322405 
GO:0031399~regulation of protein modification 
process 37 10.57142857 0.080628891 
OPRM1, TF, KMT2A, SOX2, PRKAG2, ZEB2, PAXBP1, ANKLE2, ADCYAP1, MYOCD, SEH1L, KLHL40, PIK3CA, NR2F2, PLCB1, IRAK2, CLN3, BMP2, 
LAMTOR3, CCDC88A, FECH, ROCK1, PLEK, TAOK1, RIMBP2, YWHAB, MALT1, PARK2, ESR2, ECT2, TET1, UFL1, EPHA4, PPM1E, PHF19, RNF4, 
NBR1 
1.299996901 1 0.734046282 79.13043454 
GO:0060306~regulation of membrane 
repolarization 
3 0.857142857 0.080986457 ANK2, KCNA5, KCNJ2 6.305486901 1 0.734325421 79.28120181 
GO:0006936~muscle contraction 9 2.571428571 0.081304938 ATP1B1, ANK2, MYOCD, HTR7, GUCY1A3, STC1, KCNA5, LMOD1, KCNJ2 1.998720376 1 0.73442618 79.41462065 
GO:0032874~positive regulation of stress-activated 
MAPK cascade 
6 1.714285714 0.081589387 EPHA4, TF, BMP2, TAOK1, ZEB2, PLCB1 2.596376959 1 0.734373366 79.53309505 
GO:1903599~positive regulation of mitophagy 6 1.714285714 0.081589387 ATP1B1, SLC6A1, PIK3CA, FANCF, TXLNA, PARK2 2.596376959 1 0.734373366 79.53309505 
GO:0048496~maintenance of organ identity 2 0.571428571 0.081856148 NPHP3, USH2A 23.54048443 1 0.734241903 79.64361569 
GO:0022614~membrane to membrane docking 2 0.571428571 0.081856148 ROCK1, MSN 23.54048443 1 0.734241903 79.64361569 
GO:0032446~protein modification by small protein 
conjugation 18 5.142857143 0.081994705 
BACH1, LRSAM1, UBE4A, DTL, MALT1, HERC3, MARCH8, PARK2, MYLIP, KLHDC7B, RNF182, UFL1, RNF4, TRIM9, KLHL40, FANCF, RNF19B, 
FBXL3 1.524204028 1 0.733537032 79.70079768 
GO:1990778~protein localization to cell periphery 8 2.285714286 0.082829847 CLN3, ZDHHC23, ATP1B1, ROCK1, ZFYVE27, ANK2, NRXN1, APPL1 2.120764363 1 0.735941264 80.04225054 
GO:0070304~positive regulation of stress-activated 
protein kinase signaling cascade 
6 1.714285714 0.08357305 EPHA4, TF, BMP2, TAOK1, ZEB2, PLCB1 2.577425302 1 0.737906291 80.34153673 
GO:0006511~ubiquitin-dependent protein 
catabolic process 
14 4 0.083592872 UBE4A, DTL, FOXRED2, HERC3, MYLIP, UBR1, PARK2, RNF4, TRIM9, KLHL40, UBXN8, USP48, FBXL3, USP13 1.641268835 1 0.73668544 80.34946044 
GO:0009119~ribonucleoside metabolic process 10 2.857142857 0.084218245 MRI1, ADSS, ATP1B1, MAT2A, SLC25A25, NT5C2, QTRTD1, PRKAG2, PARK2, ADCYAP1 1.886256765 1 0.738117723 80.59790606 
GO:0019935~cyclic-nucleotide-mediated signaling 4 1.142857143 0.084542877 OPRM1, EIF4EBP2, HTR5A, ADCYAP1 3.859095808 1 0.738231772 80.72569951 
GO:0060047~heart contraction 7 2 0.085090921 ATP1B1, ANK2, STC1, SEMA3A, KCNA5, KCNJ2, CXADR 2.288658208 1 0.739309451 80.93963474 
GO:0006753~nucleoside phosphate metabolic 
process 
16 4.571428571 0.085533051 OPRM1, NAMPT, ADSS, ATP1B1, PRKAG2, UGDH, PDE3B, PARK2, EXTL2, ADCYAP1, NPHP3, SLC25A25, NT5C2, GUCY1A3, TXNRD1, PAICS 1.571985605 1 0.739922909 81.11058538 
GO:0021854~hypothalamus development 3 0.857142857 0.086046085 ETS1, ESR2, SEMA3A 6.088056318 1 0.740833277 81.30713289 
GO:0002438~acute inflammatory response to 
antigenic stimulus 
3 0.857142857 0.086046085 OPRM1, IL20RB, ADCYAP1 6.088056318 1 0.740833277 81.30713289 
GO:0044265~cellular macromolecule catabolic 
process 
20 5.714285714 0.086843924 UBE4A, DTL, FOXRED2, HERC3, PARK2, MYLIP, UBR1, ETF1, PLG, UFL1, LONP2, RNF4, TRIM9, KLHL40, MAGOHB, UBXN8, MSN, USP48, FBXL3, 
USP13 
1.469443472 1 0.742936544 81.60895035 
GO:0090090~negative regulation of canonical Wnt 
signaling pathway 
5 1.428571429 0.087450195 NPHP3, BMP2, SOSTDC1, SOX2, PARK2 2.972283388 1 0.744211748 81.83520884 
GO:0001936~regulation of endothelial cell 5 1.428571429 0.087450195 ALDH1A2, POLD4, BMP2, AIMP1, NR2F2 2.972283388 1 0.744211748 81.83520884 
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proliferation 
GO:0032526~response to retinoic acid 6 1.714285714 0.087616408 ALDH1A2, BMP2, BRINP2, TFRC, SOX2, EPHA3 2.540340046 1 0.743643795 81.89677754 
GO:0031060~regulation of histone methylation 4 1.142857143 0.087781649 PHF19, KMT2A, PAXBP1, TET1 3.796852327 1 0.743074756 81.95779041 
GO:0010628~positive regulation of gene expression 38 10.85714286 0.087935955 
BACH1, TF, CAMTA1, NAMPT, KMT2A, ONECUT1, TBK1, LMO4, SOX2, ZEB2, PAXBP1, ADCYAP1, FOS, ALDH1A2, ANK2, MYOCD, RRN3, PAX8, 
MSN, NR2F2, PLCB1, ALX4, TFDP1, IRAK2, BMP2, MALT1, ESR2, PARK2, NLRP3, TET1, TOX3, RPS6KA3, RNF4, TRIM34, ETS1, PBX3, SETD3, 
PEG3 
1.283780724 1 0.742463165 82.01458962 
GO:0010647~positive regulation of cell 
communication 35 10 0.088001161 
OPRM1, TF, ATP1B1, SLC6A1, TBK1, SOX2, RASGEF1A, ZEB2, TXLNA, TLR5, ADCYAP1, UNC5B, MYOCD, PIK3CA, FANCF, PLCB1, IRAK2, BMP2, 
LAMTOR3, LRSAM1, NACC2, GOLT1B, TAOK1, EPM2A, MALT1, NRXN1, PARK2, ESR2, WLS, ECT2, EPHA4, NOTCH2, TNFSF10, RASGRF2, HTR7 1.302017944 1 0.741483955 82.03854103 
GO:0040011~locomotion 33 9.428571429 0.088087474 
TF, ONECUT1, FERMT1, RASGEF1A, ZEB2, CXADR, MYCBP2, UNC5B, ROBO1, PIK3CA, MSN, SEMA3A, PLCB1, NR2F2, LHX9, CLN3, PTPRK, 
BMP2, CCDC88A, ROCK1, AIMP1, DACH1, ESR2, PLG, RUFY3, EPHA3, ELMO1, EPHA4, ETS1, TCAF2, STC1, WDR44, PARVA 1.315779109 1 0.740595922 82.07019865 
GO:0003015~heart process 7 2 0.08855739 ATP1B1, ANK2, STC1, SEMA3A, KCNA5, KCNJ2, CXADR 2.263508118 1 0.741303373 82.24162902 
GO:0006952~defense response 29 8.285714286 0.090088428 OPRM1, TF, ATP1B1, SCN1A, C9, HPS5, FGF14, TBK1, TLR5, CXADR, GCH1, ADCYAP1, PIK3CA, PDE8B, IRAK2, BMP2, AIMP1, MALT1, ESR2, 
NLRP3, EPHA3, NOTCH2, TRIM35, RPS6KA3, TNFRSF10B, TFRC, IL20RB, ETS1, RNF19B 
1.344905533 1 0.746337213 82.78947159 
GO:0023051~regulation of signaling 56 16 0.09042506 
OPRM1, SLC6A1, TBK1, FGF14, PDE3B, RASGEF1A, ZEB2, TLR5, CXADR, KANK2, EIF4EBP2, MYOCD, ANK2, RRN3, UNC5B, ROBO1, SOSTDC1, 
PAX8, PDE8B, PLCB1, IRAK2, GOLT1B, UBR1, NRXN1, ESR2, WLS, NLRP3, ECT2, ARHGAP26, UFL1, CHRDL1, RASGRF2, HTR7, NBR1, MNT, TF, 
KMT2A, ONECUT1, SOX2, ADCYAP1, NPHP3, SHISA7, SHISA9, BMP2, LAMTOR3, PTPRD, NACC2, PLEK, TAOK1, EPM2A, MALT1, PARK2, 
NOTCH2, EPHA4, TNFSF10, NREP 
1.208975723 1 0.746470989 82.90776285 
GO:1903047~mitotic cell cycle process 16 4.571428571 0.090467205 BACH1, KIF11, NACC2, E2F6, SLF2, BORA, BTC, KCNA5, ANKLE2, CCNG1, KANK2, NCAPH, MAP10, PLCB1, PAICS, DSCC1 1.558972479 1 0.745417556 82.92251807 
GO:1901381~positive regulation of potassium ion 
transmembrane transport 3 0.857142857 0.091198145 ATP1B1, ANK2, KCNJ2 5.885121107 1 0.747136636 83.17651565 
GO:1901021~positive regulation of calcium ion 
transmembrane transporter activity 3 0.857142857 0.091198145 ATP1B1, ANK2, FGF14 5.885121107 1 0.747136636 83.17651565 
GO:0070830~bicellular tight junction assembly 3 0.857142857 0.091198145 OCLN, ROCK1, ECT2 5.885121107 1 0.747136636 83.17651565 
GO:0007051~spindle organization 6 1.714285714 0.091760305 MAP10, KIF11, RNF4, SEH1L, BORA, TUBB1 2.504306854 1 0.748164894 83.36942673 
GO:0061061~muscle structure development 16 4.571428571 0.09202373 BMP2, TANC1, CXADR, PLG, FOXP2, FOS, MYOCD, ANK2, NPHS1, KLHL40, LMOD1, MBNL3, ALX4, PLCB1, NR2F2, SETD3 1.553827355 1 0.748002051 83.45910153 
GO:0050678~regulation of epithelial cell 
proliferation 
10 2.857142857 0.092130976 ALDH1A2, POLD4, PTPRK, BMP2, AIMP1, ROBO1, SOX2, ESR2, NR2F2, FOXP2 1.850667015 1 0.747222521 83.49547914 
GO:0048871~multicellular organismal homeostasis 10 2.857142857 0.092130976 NPHP3, TF, TFRC, IL20RB, KMT2A, PIK3CA, CXADR, USH2A, EPHA3, SLC28A3 1.850667015 1 0.747222521 83.49547914 
GO:0051246~regulation of protein metabolic 
process 52 14.85714286 0.092285195 
OPRM1, TBK1, PRKAG2, ZEB2, MYLIP, ANKLE2, EIF4EBP2, MYOCD, SEH1L, ROBO1, PIK3CA, MSN, PLCB1, NR2F2, USP13, IRAK2, CLN3, FECH, 
CCDC88A, ROCK1, RIMBP2, ESR2, NLRP3, ECT2, UFL1, SARNP, CST8, PPM1E, NBR1, TF, KMT2A, SOX2, PAXBP1, ADCYAP1, MYCBP2, KLHL40, 
COL4A3, RILP, LAMTOR3, BMP2, PLEK, TAOK1, YWHAB, MALT1, PARK2, TET1, EPHA4, TNFSF10, RPS6KA3, PHF19, RNF4, SERPIND1 
1.219228277 1 0.746632 83.54765655 
GO:0009167~purine ribonucleoside 
monophosphate metabolic process 
8 2.285714286 0.092385715 ADSS, ATP1B1, SLC25A25, NT5C2, PRKAG2, PARK2, PAICS, ADCYAP1 2.064954774 1 0.745831869 83.58158206 
GO:0051094~positive regulation of developmental 
process 
29 8.285714286 0.092853948 OPRM1, TF, SOX2, BTC, ZEB2, ADCYAP1, FOS, BRINP2, MYOCD, RRN3, ROBO1, PAX8, SEMA3A, PLCB1, BMP2, PTPRD, PARK2, NRXN1, NLRP3, 
ECT2, RUFY3, EPHA3, FOXP2, UFL1, EPHA4, NOTCH2, ETS1, HTR7, SETD3 
1.340679592 1 0.746485725 83.73873972 
GO:0022612~gland morphogenesis 6 1.714285714 0.093869621 NOTCH2, ROBO1, SOSTDC1, ESR2, SEMA3A, MSN 2.48667089 1 0.749268669 84.07475995 
GO:1990267~response to transition metal 
nanoparticle 7 2 0.093947588 TF, FECH, TFRC, ANK2, TXNRD1, PARK2, SLC31A1 2.226802581 1 0.748389108 84.10028097 
GO:0002009~morphogenesis of an epithelium 14 4 0.094003552 BMP2, LMO4, SOX2, ZEB2, ESR2, EPHA4, NOTCH2, ALDH1A2, NPHP3, ROBO1, SOSTDC1, PAX8, MSN, SEMA3A 1.615523441 1 0.747426989 84.11857554 
GO:0019941~modification-dependent protein 
catabolic process 
14 4 0.094003552 UBE4A, DTL, FOXRED2, HERC3, MYLIP, UBR1, PARK2, RNF4, TRIM9, KLHL40, UBXN8, USP48, FBXL3, USP13 1.615523441 1 0.747426989 84.11857554 
GO:0007249~I-kappaB kinase/NF-kappaB signaling 8 2.285714286 0.094004338 TNFSF10, ROCK1, TBK1, GOLT1B, MALT1, PARK2, NLRP3, ECT2 2.055937505 1 0.746253145 84.11883247 
GO:0009126~purine nucleoside monophosphate 
metabolic process 
8 2.285714286 0.094004338 ADSS, ATP1B1, SLC25A25, NT5C2, PRKAG2, PARK2, PAICS, ADCYAP1 2.055937505 1 0.746253145 84.11883247 
GO:0045860~positive regulation of protein kinase 
activity 
12 3.428571429 0.094216816 IRAK2, EPHA4, TF, LAMTOR3, BMP2, CCDC88A, TAOK1, PRKAG2, ZEB2, MALT1, ECT2, ADCYAP1 1.709962549 1 0.74590523 84.18810967 
GO:0042592~homeostatic process 35 10 0.094479047 
OPRM1, TF, ATP1B1, KMT2A, KCNA1, SLC9A2, PDE3B, MYLIP, KCNA5, CXADR, ADCYAP1, FAM65B, NPHP3, RRN3, ANK2, PIK3CA, EXOC6, 
SLC31A1, USH2A, SLC28A3, CLN3, FECH, NRXN1, PARK2, APPL1, PLG, EPHA3, MTTP, SLC26A4, IL20RB, SLC35G1, TFRC, ETS1, TXNRD1, STC1 
1.293027236 1 0.745752195 84.27321406 
GO:0098792~xenophagy 5 1.428571429 0.095040735 ATP1B1, LRSAM1, SCN1A, TBK1, FGF14 2.884863288 1 0.74675529 84.45404828 
GO:0008344~adult locomotory behavior 5 1.428571429 0.095040735 EPHA4, SCN1A, FGF14, PARK2, PBX3 2.884863288 1 0.74675529 84.45404828 
GO:0008219~cell death 40 11.42857143 0.096030985 
TF, SGPP1, SOX2, BTC, KRT20, CCNG1, ADCYAP1, KANK2, ALDH1A2, RRN3, UNC5B, MYOCD, ROBO1, PAX8, TMEM123, PIK3CA, SEMA3A, 
ALX4, TFDP1, CLN3, COL4A3, BMP2, NACC2, ROCK1, TAOK1, MALT1, PARK2, ESR2, NLRP3, ECT2, TOX3, NOTCH2, RPS6KA3, TNFSF10, 
TRIM35, TNFRSF10B, RNF4, ETS1, MNT, TXNRD1 
1.262901525 1 0.749382584 84.76807399 
GO:0016265~death 40 11.42857143 0.096030985 
TF, SGPP1, SOX2, BTC, KRT20, CCNG1, ADCYAP1, KANK2, ALDH1A2, RRN3, UNC5B, MYOCD, ROBO1, PAX8, TMEM123, PIK3CA, SEMA3A, 
ALX4, TFDP1, CLN3, COL4A3, BMP2, NACC2, ROCK1, TAOK1, MALT1, PARK2, ESR2, NLRP3, ECT2, TOX3, NOTCH2, RPS6KA3, TNFSF10, 
TRIM35, TNFRSF10B, RNF4, ETS1, MNT, TXNRD1 
1.262901525 1 0.749382584 84.76807399 
GO:0044849~estrous cycle 3 0.857142857 0.096438081 OPRM1, ETS1, ESR2 5.695278491 1 0.749772275 84.89542171 
GO:1904427~positive regulation of calcium ion 
transmembrane transport 
3 0.857142857 0.096438081 ATP1B1, ANK2, FGF14 5.695278491 1 0.749772275 84.89542171 
GO:0032956~regulation of actin cytoskeleton 
organization 
9 2.571428571 0.096773907 CCDC88A, PPM1E, ROCK1, PLEK, NPHS1, PARK2, LMOD1, CDC42EP3, EPHA3 1.919061231 1 0.749890901 84.99971593 
GO:0051241~negative regulation of multicellular 
organismal process 
25 7.142857143 0.096978835 COL4A3, BMP2, ROCK1, AIMP1, SOX2, HMG20A, PDE3B, MYLIP, CXADR, NLRP3, RUFY3, PLG, ADCYAP1, EPHA3, EPHA4, MYOCD, IL20RB, 
ROBO1, NBR1, HTR7, PAX8, GUCY1A3, STC1, SEMA3A, NR2F2 
1.377603255 1 0.749516859 85.06302322 
GO:0031401~positive regulation of protein 
modification process 
25 7.142857143 0.096978835 OPRM1, TF, KMT2A, PRKAG2, SOX2, ZEB2, PAXBP1, ANKLE2, ADCYAP1, PIK3CA, PLCB1, IRAK2, CLN3, LAMTOR3, BMP2, CCDC88A, PLEK, 
TAOK1, MALT1, ESR2, PARK2, ECT2, TET1, EPHA4, PHF19 
1.377603255 1 0.749516859 85.06302322 
GO:0010629~negative regulation of gene 
expression 
33 9.428571429 0.097313176 BACH1, HYPM, TBK1, SOX2, ZEB2, KANK2, CBX5, EIF4EBP2, MYOCD, ELK4, PER3, NR2F2, PLCB1, LHX9, BAHD1, IRAK2, PTPRK, BMP2, NACC2, 
YWHAB, HMG20A, PARK2, DACH1, ESR2, NLRP3, TET1, FOXP2, UFL1, NOTCH2, PHF19, MNT, LCOR, PEG3 
1.302541895 1 0.749630847 85.16576668 
GO:0086026~atrial cardiac muscle cell to AV node 2 0.571428571 0.097407841 ANK2, KCNA5 19.61707036 1 0.748846852 85.19473564 
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cell signaling 
GO:0021825~substrate-dependent cerebral cortex 
tangential migration 
2 0.571428571 0.097407841 ROBO1, SEMA3A 19.61707036 1 0.748846852 85.19473564 
GO:0086014~atrial cardiac muscle cell action 
potential 
2 0.571428571 0.097407841 ANK2, KCNA5 19.61707036 1 0.748846852 85.19473564 
GO:0098598~learned vocalization behavior or vocal 
learning 
2 0.571428571 0.097407841 NRXN1, FOXP2 19.61707036 1 0.748846852 85.19473564 
GO:0098596~imitative learning 2 0.571428571 0.097407841 NRXN1, FOXP2 19.61707036 1 0.748846852 85.19473564 
GO:0090032~negative regulation of steroid 
hormone biosynthetic process 2 0.571428571 0.097407841 BMP2, PDE8B 19.61707036 1 0.748846852 85.19473564 
GO:0042297~vocal learning 2 0.571428571 0.097407841 NRXN1, FOXP2 19.61707036 1 0.748846852 85.19473564 
GO:0086066~atrial cardiac muscle cell to AV node 
cell communication 
2 0.571428571 0.097407841 ANK2, KCNA5 19.61707036 1 0.748846852 85.19473564 
GO:0086013~membrane repolarization during 
cardiac muscle cell action potential 
2 0.571428571 0.097407841 KCNA5, KCNJ2 19.61707036 1 0.748846852 85.19473564 
GO:0048729~tissue morphogenesis 17 4.857142857 0.099043047 BMP2, LMO4, SOX2, ZEB2, ESR2, WLS, EPHA4, NOTCH2, ALDH1A2, NPHP3, ROBO1, SOSTDC1, PAX8, STC1, TXNRD1, SEMA3A, MSN 1.509005412 1 0.753783559 85.68676419 
GO:0060429~epithelium development 26 7.428571429 0.099647638 
ONECUT1, LMO4, SOX2, ZEB2, NPHP3, ALDH1A2, FRMD6, ROBO1, SOSTDC1, PAX8, MSN, SEMA3A, ALX4, NR2F2, FNDC3A, USH2A, TFDP1, 
BMP2, ROCK1, ESR2, FOXP2, EPHA4, NOTCH2, NPHS2, NPHS1, STC1 1.360116878 1 0.754870885 85.86473348 
GO:0072521~purine-containing compound 
metabolic process 14 4 0.099777327 OPRM1, MRI1, NPHP3, ADSS, ATP1B1, MAT2A, SLC25A25, NT5C2, PRKAG2, PDE3B, GUCY1A3, PARK2, PAICS, ADCYAP1 1.599838748 1 0.754222485 85.90263526 
 Table S4.4: Comparison of GOTERMS_BP between all the miRs. 
GO_TERMS_BP miR-34a miR-351 miR-490* 
GO:0003205~cardiac chamber development X X X 
GO:0003279~cardiac septum development X X X 
GO:0007010~cytoskeleton organization X X X 
GO:0008219~cell death X X X 
GO:0008283~cell proliferation X X X 
GO:0008285~negative regulation of cell proliferation X X X 
GO:0010720~positive regulation of cell development X X X 
GO:0010770~positive regulation of cell morphogenesis involved in differentiation X X X 
GO:0030036~actin cytoskeleton organization X X X 
GO:0032872~regulation of stress-activated MAPK cascade X X X 
GO:0042692~muscle cell differentiation X X X 
GO:0045786~negative regulation of cell cycle X X X 
GO:0048468~cell development X X X 
GO:0048729~tissue morphogenesis X X X 
GO:0051093~negative regulation of developmental process X X X 
GO:0051094~positive regulation of developmental process X X X 
GO:0051403~stress-activated MAPK cascade X X X 
GO:0061061~muscle structure development X X X 
GO:0090066~regulation of anatomical structure size X X X 
GO:0000165~MAPK cascade X X  
GO:0000902~cell morphogenesis X X  
GO:0000904~cell morphogenesis involved in differentiation X X  
GO:0001525~angiogenesis X X  
GO:0001568~blood vessel development X X  
GO:0001944~vasculature development X X  
GO:0006816~calcium ion transport X X  
GO:0006915~apoptotic process X X  
GO:0007050~cell cycle arrest X X  
GO:0007265~Ras protein signal transduction X X  
GO:0007507~heart development X X  
GO:0007517~muscle organ development X X  
GO:0008630~intrinsic apoptotic signaling pathway in response to DNA damage X X  
GO:0009887~organ morphogenesis X X  
GO:0010522~regulation of calcium ion transport into cytosol X X  
GO:0010623~developmental programmed cell death X X  
GO:0010721~negative regulation of cell development X X  
GO:0010769~regulation of cell morphogenesis involved in differentiation X X  
GO:0010771~negative regulation of cell morphogenesis involved in differentiation X X  
GO:0010941~regulation of cell death X X  
GO:0010942~positive regulation of cell death X X  
GO:0012501~programmed cell death X X  
GO:0014706~striated muscle tissue development X X  
GO:0021700~developmental maturation X X  
GO:0022603~regulation of anatomical structure morphogenesis X X  
GO:0022604~regulation of cell morphogenesis X X  
GO:0032989~cellular component morphogenesis X X  
GO:0033002~muscle cell proliferation X X  
GO:0042127~regulation of cell proliferation X X  
GO:0042981~regulation of apoptotic process X X  
GO:0043065~positive regulation of apoptotic process X X  
GO:0043067~regulation of programmed cell death X X  
GO:0043068~positive regulation of programmed cell death X X  
GO:0043408~regulation of MAPK cascade X X  
GO:0043410~positive regulation of MAPK cascade X X  
GO:0046578~regulation of Ras protein signal transduction X X  
GO:0046579~positive regulation of Ras protein signal transduction X X  
GO:0048010~vascular endothelial growth factor receptor signaling pathway X X  
GO:0048514~blood vessel morphogenesis X X  
GO:0048588~developmental cell growth X X  
GO:0048589~developmental growth X X  
GO:0048646~anatomical structure formation involved in morphogenesis X X  
GO:0051924~regulation of calcium ion transport X X  
GO:0060284~regulation of cell development X X  
GO:0060401~cytosolic calcium ion transport X X  
GO:0060402~calcium ion transport into cytosol X X  
GO:0060411~cardiac septum morphogenesis X X  
GO:0060537~muscle tissue development X X  
GO:0060560~developmental growth involved in morphogenesis X X  
GO:0070588~calcium ion transmembrane transport X X  
GO:0071158~positive regulation of cell cycle arrest X X  
GO:0072358~cardiovascular system development X X  
GO:0072359~circulatory system development X X  
GO:0097190~apoptotic signaling pathway X X  
GO:0097191~extrinsic apoptotic signaling pathway X X  
GO:0097193~intrinsic apoptotic signaling pathway X X  
GO:1901019~regulation of calcium ion transmembrane transporter activity X X  
GO:1901385~regulation of voltage-gated calcium channel activity X X  
GO:1902807~negative regulation of cell cycle G1/S phase transition X X  
GO:2000134~negative regulation of G1/S transition of mitotic cell cycle X X  
GO:2001233~regulation of apoptotic signaling pathway X X  
GO:2001235~positive regulation of apoptotic signaling pathway X X  
GO:0003283~atrial septum development X  X 
GO:0006936~muscle contraction X  X 
GO:0006937~regulation of muscle contraction X  X 
GO:0007049~cell cycle X  X 
GO:0008015~blood circulation X  X 
GO:0008016~regulation of heart contraction X  X 
GO:0051726~regulation of cell cycle X  X 
GO:0055117~regulation of cardiac muscle contraction X  X 
GO:0060047~heart contraction X  X 
GO:0086004~regulation of cardiac muscle cell contraction X  X 
GO:1903522~regulation of blood circulation X  X 
GO:0000082~G1/S transition of mitotic cell cycle  X X 
GO:0032874~positive regulation of stress-activated MAPK cascade  X X 
GO:0044843~cell cycle G1/S phase transition  X X 
GO:0045595~regulation of cell differentiation  X X 
 295 
GO:0045597~positive regulation of cell differentiation  X X 
GO:0051128~regulation of cellular component organization  X X 
GO:0051130~positive regulation of cellular component organization  X X 
GO:0001976~neurological system process involved in regulation of systemic arterial blood pressure X   
GO:0002027~regulation of heart rate X   
GO:0002040~sprouting angiogenesis X   
GO:0003007~heart morphogenesis X   
GO:0003025~regulation of systemic arterial blood pressure by baroreceptor feedback X   
GO:0003158~endothelium development X   
GO:0003170~heart valve development X   
GO:0003171~atrioventricular valve development X   
GO:0003177~pulmonary valve development X   
GO:0003179~heart valve morphogenesis X   
GO:0003181~atrioventricular valve morphogenesis X   
GO:0003184~pulmonary valve morphogenesis X   
GO:0003197~endocardial cushion development X   
GO:0003198~epithelial to mesenchymal transition involved in endocardial cushion formation X   
GO:0003203~endocardial cushion morphogenesis X   
GO:0003206~cardiac chamber morphogenesis X   
GO:0003215~cardiac right ventricle morphogenesis X   
GO:0003230~cardiac atrium development X   
GO:0003272~endocardial cushion formation X   
GO:0005088~Ras guanyl-nucleotide exchange factor activity X   
GO:0005245~voltage-gated calcium channel activity X   
GO:0005246~calcium channel regulator activity X   
GO:0005891~voltage-gated calcium channel complex X   
GO:0006874~cellular calcium ion homeostasis X   
GO:0007204~positive regulation of cytosolic calcium ion concentration X   
GO:0007346~regulation of mitotic cell cycle X   
GO:0008284~positive regulation of cell proliferation X   
GO:0008625~extrinsic apoptotic signaling pathway via death domain receptors X   
GO:0010523~negative regulation of calcium ion transport into cytosol X   
GO:0010882~regulation of cardiac muscle contraction by calcium ion signaling X   
GO:0017016~Ras GTPase binding X   
GO:0019722~calcium-mediated signaling X   
GO:0030042~actin filament depolymerization X   
GO:0030048~actin filament-based movement X   
GO:0030834~regulation of actin filament depolymerization X   
GO:0030835~negative regulation of actin filament depolymerization X   
GO:0034704~calcium channel complex X   
GO:0035924~cellular response to vascular endothelial growth factor stimulus X   
GO:0038084~vascular endothelial growth factor signaling pathway X   
GO:0038086~VEGF-activated platelet-derived growth factor receptor signaling pathway X   
GO:0038089~positive regulation of cell migration by vascular endothelial growth factor signaling pathway X   
GO:0038091~positive regulation of cell proliferation by VEGF-activated platelet derived growth factor receptor signaling pathway X   
GO:0040019~positive regulation of embryonic development X   
GO:0043066~negative regulation of apoptotic process X   
GO:0043069~negative regulation of programmed cell death X   
GO:0045446~endothelial cell differentiation X   
GO:0045787~positive regulation of cell cycle X   
GO:0045822~negative regulation of heart contraction X   
GO:0045930~negative regulation of mitotic cell cycle X   
GO:0046580~negative regulation of Ras protein signal transduction X   
GO:0046716~muscle cell cellular homeostasis X   
GO:0048738~cardiac muscle tissue development X   
GO:0050880~regulation of blood vessel size X   
GO:0051146~striated muscle cell differentiation X   
GO:0051147~regulation of muscle cell differentiation X   
GO:0051148~negative regulation of muscle cell differentiation X   
GO:0051149~positive regulation of muscle cell differentiation X   
GO:0051153~regulation of striated muscle cell differentiation X   
GO:0051154~negative regulation of striated muscle cell differentiation X   
GO:0051208~sequestering of calcium ion X   
GO:0051209~release of sequestered calcium ion into cytosol X   
GO:0051279~regulation of release of sequestered calcium ion into cytosol X   
GO:0051281~positive regulation of release of sequestered calcium ion into cytosol X   
GO:0051282~regulation of sequestering of calcium ion X   
GO:0051283~negative regulation of sequestering of calcium ion X   
GO:0051450~myoblast proliferation X   
GO:0051480~cytosolic calcium ion homeostasis X   
GO:0051481~negative regulation of cytosolic calcium ion concentration X   
GO:0051494~negative regulation of cytoskeleton organization X   
GO:0051926~negative regulation of calcium ion transport X   
GO:0055001~muscle cell development X   
GO:0055002~striated muscle cell development X   
GO:0055006~cardiac cell development X   
GO:0055007~cardiac muscle cell differentiation X   
GO:0055013~cardiac muscle cell development X   
GO:0055074~calcium ion homeostasis X   
GO:0060314~regulation of ryanodine-sensitive calcium-release channel activity X   
GO:0060548~negative regulation of cell death X   
GO:0060977~coronary vasculature morphogenesis X   
GO:0060978~angiogenesis involved in coronary vascular morphogenesis X   
GO:0061314~Notch signaling involved in heart development X   
GO:0071156~regulation of cell cycle arrest X   
GO:0090279~regulation of calcium ion import X   
GO:1900744~regulation of p38MAPK cascade X   
GO:1901020~negative regulation of calcium ion transmembrane transporter activity X   
GO:1901987~regulation of cell cycle phase transition X   
GO:1901990~regulation of mitotic cell cycle phase transition X   
GO:1902041~regulation of extrinsic apoptotic signaling pathway via death domain receptors X   
GO:1902042~negative regulation of extrinsic apoptotic signaling pathway via death domain receptors X   
GO:1902229~regulation of intrinsic apoptotic signaling pathway in response to DNA damage X   
GO:1902806~regulation of cell cycle G1/S phase transition X   
GO:1903115~regulation of actin filament-based movement X   
GO:1903169~regulation of calcium ion transmembrane transport X   
GO:1903170~negative regulation of calcium ion transmembrane transport X   
GO:2000045~regulation of G1/S transition of mitotic cell cycle X   
GO:2001234~negative regulation of apoptotic signaling pathway X   
GO:2001237~negative regulation of extrinsic apoptotic signaling pathway X   
GO:2001242~regulation of intrinsic apoptotic signaling pathway X   
GO:2001243~negative regulation of intrinsic apoptotic signaling pathway X   
GO:0000186~activation of MAPKK activity  X  
GO:0003149~membranous septum morphogenesis  X  
GO:0006977~DNA damage response, signal transduction by p53 class mediator resulting in cell cycle arrest  X  
GO:0008217~regulation of blood pressure  X  
GO:0008361~regulation of cell size  X  
GO:0008637~apoptotic mitochondrial changes  X  
GO:0010524~positive regulation of calcium ion transport into cytosol  X  
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GO:0010594~regulation of endothelial cell migration  X  
GO:0010595~positive regulation of endothelial cell migration  X  
GO:0010660~regulation of muscle cell apoptotic process  X  
GO:0010661~positive regulation of muscle cell apoptotic process  X  
GO:0010927~cellular component assembly involved in morphogenesis  X  
GO:0014855~striated muscle cell proliferation  X  
GO:0016202~regulation of striated muscle tissue development  X  
GO:0032535~regulation of cellular component size  X  
GO:0032990~cell part morphogenesis  X  
GO:0038066~p38MAPK cascade  X  
GO:0042771~intrinsic apoptotic signaling pathway in response to DNA damage by p53 class mediator  X  
GO:0043405~regulation of MAP kinase activity  X  
GO:0043406~positive regulation of MAP kinase activity  X  
GO:0043542~endothelial cell migration  X  
GO:0045596~negative regulation of cell differentiation  X  
GO:0045844~positive regulation of striated muscle tissue development  X  
GO:0048634~regulation of muscle organ development  X  
GO:0048636~positive regulation of muscle organ development  X  
GO:0048638~regulation of developmental growth  X  
GO:0048639~positive regulation of developmental growth  X  
GO:0048858~cell projection morphogenesis  X  
GO:0055023~positive regulation of cardiac muscle tissue growth  X  
GO:0055024~regulation of cardiac muscle tissue development  X  
GO:0055025~positive regulation of cardiac muscle tissue development  X  
GO:0060043~regulation of cardiac muscle cell proliferation  X  
GO:0060045~positive regulation of cardiac muscle cell proliferation  X  
GO:0060307~regulation of ventricular cardiac muscle cell membrane repolarization  X  
GO:0060420~regulation of heart growth  X  
GO:0060421~positive regulation of heart growth  X  
GO:0061572~actin filament bundle organization  X  
GO:0072332~intrinsic apoptotic signaling pathway by p53 class mediator  X  
GO:0072395~signal transduction involved in cell cycle checkpoint  X  
GO:0072413~signal transduction involved in mitotic cell cycle checkpoint  X  
GO:0072577~endothelial cell apoptotic process  X  
GO:0086006~voltage-gated sodium channel activity involved in cardiac muscle cell action potential  X  
GO:0090398~cellular senescence  X  
GO:0097192~extrinsic apoptotic signaling pathway in absence of ligand  X  
GO:0097194~execution phase of apoptosis  X  
GO:0097285~cell-type specific apoptotic process  X  
GO:1901861~regulation of muscle tissue development  X  
GO:1901863~positive regulation of muscle tissue development  X  
GO:1901988~negative regulation of cell cycle phase transition  X  
GO:1902339~positive regulation of apoptotic process involved in morphogenesis  X  
GO:2000026~regulation of multicellular organismal development  X  
GO:2000027~regulation of organ morphogenesis  X  
GO:2000351~regulation of endothelial cell apoptotic process  X  
GO:2000772~regulation of cellular senescence  X  
GO:2001236~regulation of extrinsic apoptotic signaling pathway  X  
GO:0000278~mitotic cell cycle   X 
GO:0001936~regulation of endothelial cell proliferation   X 
GO:0006942~regulation of striated muscle contraction   X 
GO:0010638~positive regulation of organelle organization   X 
GO:0022402~cell cycle process   X 
GO:0032956~regulation of actin cytoskeleton organization   X 
GO:0033043~regulation of organelle organization   X 
GO:0051493~regulation of cytoskeleton organization   X 
GO:0060048~cardiac muscle contraction   X 
GO:0061337~cardiac conduction   X 
GO:0070252~actin-mediated cell contraction   X 
GO:0086001~cardiac muscle cell action potential   X 
GO:0086002~cardiac muscle cell action potential involved in contraction   X 
GO:0086013~membrane repolarization during cardiac muscle cell action potential   X 
GO:0086014~atrial cardiac muscle cell action potential   X 
GO:0086026~atrial cardiac muscle cell to AV node cell signaling   X 
GO:0086065~cell communication involved in cardiac conduction   X 
GO:0086066~atrial cardiac muscle cell to AV node cell communication   X 
GO:0086091~regulation of heart rate by cardiac conduction   X 
GO:0090075~relaxation of muscle   X 
GO:0098904~regulation of AV node cell action potential   X 
GO:1901021~positive regulation of calcium ion transmembrane transporter activity   X 
GO:1903047~mitotic cell cycle process   X 
GO:1904427~positive regulation of calcium ion transmembrane transport   X 
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Table S5.1: Cardiac weight index 2-days old HHRs 
Sample Numer Sex Body Weight (g) Heart Wt (mg) Vent Wt (mg) Heart/Body Vent/Body 
HHR 40 m 6.7881 49.6 38.5 7.307 5.672 
HHR 41 m 6.6285 47.5 38.7 7.166 5.838 
HHR 42 m 6.357 46.1 34.5 7.252 5.427 
HHR 44 f 7.097 48.5 35.2 6.834 4.960 
HHR 45 f 6.0142 43.4 36.4 7.216 6.052 
HHR 46 f 5.5556 40.9 32.2 7.362 5.796 
HHR 47 f 6.1427 46.2 35 7.521 5.698 
HHR 48 f 6.0526 44 31.7 7.270 5.237 
HHR 49 f 6.5881 47.8 40.6 7.256 6.163 
HHR 50 f 6.4142 49.2 41.1 7.670 6.408 
Mean  6.364 46.320 36.390 7.285 5.725 
2SD  0.885 5.607 6.538 0.440 0.869 
Upper  7.249 51.927 42.928 7.725 6.594 
Lower  5.479 40.713 29.852 6.845 4.856 
 
Table S5.2: Cardiac weight index 2-days old NHRs 
Sample Numer Sex Body Weight (g) Heart Wt (g) Vent Wt (g) Heart/Body Vent/Body 
NHR-P-3 m 5.7902 0.0338 0.0211 5.837 3.644 
NHR-P-4 f 6.9424 0.0412 0.0311 5.935 4.480 
NHR-P-5 f 6.2844 0.0397 0.0328 6.317 5.219 
NHR-P-6 f 6.2292 0.0397 0.0301 6.373 4.832 
NHR-P-7 f 6.269 0.0441 0.0325 7.035 5.184 
NHR-P-8 f 6.2744 0.043 0.0326 6.853 5.196 
NHR-P-9 f 5.5431 0.0251 0.0209 4.528 3.770 
NHR-P-10 f 6.5329 0.0328 0.02 5.021 3.061 
NHR-P-11 f 6.8569 0.0486 0.035 7.088 5.104 
NHR-37 m 6.1872 0.0472 0.0347 7.629 5.608 
Mean  6.291 0.040 0.029 6.262 4.610 
2SD  0.851 0.014 0.012 1.926 1.685 
Upper  7.142 0.054 0.041 8.188 6.295 
Lower  5.440 0.025 0.017 4.336 2.925 
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Chapter-4 
Table S6: Microarray results 
Gene Symbol NHR mean HHR mean Raw p value Adj p value Δttt-vs-Con Fold change FDR 
MED22 9.196452 7.5823345 3.10862e-15 1.73337e-11 -1.61 -3.06 8.66685e-12 
LCN2 9.300116 6.9798326 3.10862e-15 1.73337e-11 -2.32 -4.99 8.66685e-12 
RTN1 10.230621 9.327074 1.77414e-13 9.89081e-10 -0.90 -1.87 3.29753e-10 
--- 7.5404572 5.7876396 1.73062e-12 9.64645e-09 -1.75 -3.37 2.41248e-09 
--- 7.4121265 9.041661 2.40563e-12 1.34066e-08 1.63 3.09 2.68276e-09 
ANKRD53 8.407183 6.2483463 2.6481e-12 1.47552e-08 -2.16 -4.47 2.46097e-09 
--- 11.074302 10.44118 5.1521e-12 2.87024e-08 -0.63 -1.55 4.10402e-09 
TLE6 7.9822607 6.973355 1.74798e-11 9.73625e-08 -1.01 -2.01 1.21834e-08 
SERHL2 9.710146 8.520801 3.33451e-11 1.85699e-07 -1.19 -2.28 2.06591e-08 
LAMA4 10.959502 11.320265 5.01466e-11 2.79216e-07 0.36 1.28 2.79617e-08 
WDR46 9.648229 8.304768 5.19618e-11 2.89271e-07 -1.34 -2.54 2.63399e-08 
CD1D1 9.545301 8.572607 8.44136e-11 4.69846e-07 -0.97 -1.96 3.92242e-08 
RT1-DMA 9.5968075 8.969004 1.00708e-10 5.60438e-07 -0.63 -1.55 4.31958e-08 
CHTOP 9.495099 10.142154 1.5819e-10 8.80167e-07 0.65 1.57 6.30047e-08 
CROT 10.312456 9.801996 2.578e-10 1.43414e-06 -0.51 -1.42 9.5833e-08 
ENDOG 7.5098705 8.722677 2.91683e-10 1.62234e-06 1.21 2.32 1.01652e-07 
SLC16A12 11.125715 10.326303 4.20618e-10 2.33906e-06 -0.80 -1.74 1.37963e-07 
AGTPBP1 8.606415 9.381156 4.2755e-10 2.37718e-06 0.77 1.71 1.32445e-07 
PARD3B 8.442211 8.981394 4.6127e-10 2.5642e-06 0.54 1.45 1.35371e-07 
LOC100911237 5.3110566 6.856994 5.08819e-10 2.82801e-06 1.55 2.92 1.41859e-07 
HTR2A 8.202976 6.533735 6.45207e-10 3.58541e-06 -1.67 -3.18 1.71318e-07 
ITGA7 7.5856223 8.497929 6.71682e-10 3.73186e-06 0.91 1.88 1.70241e-07 
VNN1 10.057846 9.036256 7.99419e-10 4.44077e-06 -1.02 -2.03 1.93807e-07 
AKR1B10 9.877308 8.386092 9.5405e-10 5.29879e-06 -1.49 -2.81 2.21658e-07 
NOSTRIN 7.3632345 8.022683 1.20082e-09 6.66817e-06 0.66 1.58 2.67832e-07 
BCMO1 6.9873977 7.7363625 1.37339e-09 7.62506e-06 0.75 1.68 2.94539e-07 
TRPM8 5.5941195 7.0771 1.48338e-09 8.23424e-06 1.48 2.80 3.06345e-07 
PEX3 10.09458 8.85657 1.58617e-09 8.80323e-06 -1.24 -2.36 3.15874e-07 
PLAT 11.575467 11.122178 1.72888e-09 9.59358e-06 -0.45 -1.37 3.32423e-07 
NIP30 7.2273583 8.227325 1.86235e-09 1.03323e-05 1.00 2.00 3.46149e-07 
NDUFA10L1 11.817343 12.319465 2.08392e-09 1.15595e-05 0.50 1.42 3.74838e-07 
DCPS 9.798649 9.45303 2.40504e-09 1.33359e-05 -0.35 -1.27 4.06378e-07 
MRPL19 8.835422 7.959924 2.37892e-09 1.31935e-05 -0.88 -1.83 4.14527e-07 
ITGBL1 9.136594 7.7676435 2.42737e-09 1.34574e-05 -1.37 -2.58 3.98089e-07 
PYGL 7.583342 6.7295747 2.7417e-09 1.51972e-05 -0.85 -1.81 4.36791e-07 
GINM1 9.244288 8.605594 2.99285e-09 1.65864e-05 -0.64 -1.56 4.63559e-07 
NCAM1 11.434487 11.978191 4.17316e-09 2.31235e-05 0.54 1.46 6.28906e-07 
NT5C3A 10.241245 8.864279 5.40322e-09 2.99338e-05 -1.38 -2.60 7.92851e-07 
CACNA2D2 10.027779 9.423711 6.40355e-09 3.54693e-05 -0.60 -1.52 9.15544e-07 
BPHL 9.7793665 8.7095785 7.48209e-09 4.14358e-05 -1.07 -2.10 1.043e-06 
TRIM55 11.899503 12.467405 7.512e-09 4.1594e-05 0.57 1.48 1.02163e-06 
GSTT3 6.993923 7.7204566 7.64016e-09 4.22959e-05 0.73 1.65 1.01432e-06 
SGPP1 9.819835 9.164109 7.70127e-09 4.26188e-05 -0.66 -1.58 9.7596e-07 
HCFC1R1 9.919163 9.580156 7.67071e-09 4.24574e-05 -0.34 -1.26 9.94695e-07 
RT1-DMB 9.424288 8.688017 8.01565e-09 4.43506e-05 -0.74 -1.67 9.93228e-07 
SEMA3D 9.393354 8.862589 8.42603e-09 4.66128e-05 -0.53 -1.44 1.02138e-06 
PTPN13 9.254508 9.809116 8.58946e-09 4.75083e-05 0.55 1.47 1.01904e-06 
NOP16 8.846183 8.277815 8.8884e-09 4.91529e-05 -0.57 -1.48 1.03254e-06 
UHRF1BP1L 8.930024 9.296183 9.47717e-09 5.23993e-05 0.37 1.29 1.07846e-06 
GNG11 9.023382 9.490152 9.87538e-09 5.45911e-05 0.47 1.38 1.1013e-06 
ACACB 9.800518 10.3200245 1.09741e-08 6.0654e-05 0.52 1.43 1.19984e-06 
PLA2G5 10.799519 10.024248 1.15364e-08 6.375e-05 -0.78 -1.71 1.23705e-06 
--- 12.331586 11.718531 1.23868e-08 6.84372e-05 -0.61 -1.53 1.30319e-06 
ATP6V1D 10.892199 10.04476 1.37211e-08 7.57952e-05 -0.85 -1.80 1.41683e-06 
NCLN 8.5669985 9.103787 1.44955e-08 8.00585e-05 0.54 1.45 1.46958e-06 
RT1-DB2 8.214402 6.9563746 1.52181e-08 8.40342e-05 -1.26 -2.39 1.51529e-06 
SLC38A4 10.418651 9.664789 1.70887e-08 9.43465e-05 -0.75 -1.69 1.67169e-06 
--- 10.70479 10.23898 1.78043e-08 9.82795e-05 -0.47 -1.38 1.71166e-06 
FUOM 8.421793 7.797205 1.86008e-08 0.000102639 -0.62 -1.54 1.72864e-06 
--- 9.175125 9.481117 1.8538e-08 0.000102311 0.31 1.24 1.75199e-06 
DAP 11.068121 11.485004 2.00733e-08 0.000110744 0.42 1.34 1.8349e-06 
--- 8.169458 7.181369 2.14384e-08 0.000118254 -0.99 -1.98 1.92807e-06 
ADCY1 8.086979 8.671874 2.40713e-08 0.000132753 0.58 1.50 2.1305e-06 
THEM4 10.302552 9.774259 2.43391e-08 0.000134206 -0.53 -1.44 2.12054e-06 
HEBP2 7.7047076 6.6997213 2.57527e-08 0.000141975 -1.00 -2.01 2.20919e-06 
TEX261 11.879395 11.329164 2.60992e-08 0.000143859 -0.55 -1.46 2.20499e-06 
IDUA 10.9184475 11.390997 2.70683e-08 0.000149173 0.47 1.39 2.25273e-06 
--- 9.525759 8.546458 3.14496e-08 0.000173287 -0.98 -1.97 2.57887e-06 
STIM1 8.946586 9.502931 3.40241e-08 0.000187439 0.56 1.47 2.74954e-06 
PIAS3 9.356661 8.840903 3.89001e-08 0.000214262 -0.52 -1.43 3.09867e-06 
PPAPDC1A 7.860985 7.365909 4.30372e-08 0.000237006 -0.50 -1.41 3.37993e-06 
DYNC1H1 10.890987 11.208169 4.5003e-08 0.000247786 0.32 1.25 3.48523e-06 
GRM4 6.8071995 7.0510616 5.5272e-08 0.000304272 0.24 1.18 4.22187e-06 
GLOD5 7.955223 7.0493507 5.79886e-08 0.000319169 -0.91 -1.87 4.36952e-06 
AHI1 8.452871 8.891129 6.81474e-08 0.000375015 0.44 1.35 5.06653e-06 
DSP 12.235811 12.516594 7.22334e-08 0.000397283 0.28 1.21 5.16376e-06 
QSOX1 8.253165 8.71481 6.98676e-08 0.000384411 0.46 1.38 5.12607e-06 
CCDC92 7.6928167 7.2724495 7.00863e-08 0.000385545 -0.42 -1.34 5.07534e-06 
CYSLTR2 6.419883 5.7579403 7.73784e-08 0.000425504 -0.66 -1.58 5.46154e-06 
BTBD11 7.482695 7.896522 8.23074e-08 0.000452444 0.41 1.33 5.666e-06 
RGD1307100 10.939701 11.1606245 7.9146e-08 0.000435145 0.22 1.17 5.51648e-06 
ALX3 8.104334 8.453829 9.4607e-08 0.00051996 0.35 1.27 6.43328e-06 
SEMA3C 8.681963 7.9533744 9.70349e-08 0.000533207 -0.73 -1.66 6.51888e-06 
MACF1 11.267206 11.510229 1.02421e-07 0.000562392 0.24 1.18 6.56435e-06 
AFTPH 8.386679 8.8538065 9.78105e-08 0.000537371 0.47 1.38 6.49276e-06 
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STX17 9.133384 8.639085 9.84914e-08 0.000541013 -0.49 -1.41 6.46103e-06 
MYBPC3 12.524393 12.768169 1.00812e-07 0.000553657 0.24 1.18 6.53634e-06 
LOC100910098 8.099377 8.301673 1.16248e-07 0.000638083 0.20 1.15 7.28311e-06 
LOC100910934 6.3217235 5.114926 1.12976e-07 0.000620239 -1.21 -2.31 7.15858e-06 
RIIAD1 4.9473886 6.0106134 1.1864e-07 0.000651098 1.06 2.09 7.35043e-06 
ARL6IP6 10.585709 10.170042 1.21881e-07 0.000668763 -0.42 -1.33 7.46825e-06 
SUMO2 13.008054 12.726736 1.23819e-07 0.00067927 -0.28 -1.22 7.50449e-06 
NSMAF 9.049277 9.327886 1.25433e-07 0.000687998 0.28 1.21 7.52056e-06 
FBXL3-PS1 7.1333838 7.4854574 1.28779e-07 0.000706226 0.35 1.28 7.63909e-06 
IFI30 10.228568 9.802651 1.30493e-07 0.000715494 -0.43 -1.34 7.65926e-06 
FTH1 13.103566 13.325459 1.42947e-07 0.000783491 0.22 1.17 8.21722e-06 
ISCA1 10.079782 10.533627 1.40035e-07 0.000767671 0.45 1.37 8.13369e-06 
LMO7 10.45668 10.845891 1.44652e-07 0.00079255 0.39 1.31 8.14728e-06 
POLE3 8.1680975 7.7016993 1.43222e-07 0.000784859 -0.47 -1.38 8.14906e-06 
NAV3 9.821737 10.431951 1.52972e-07 0.00083798 0.61 1.53 8.52971e-06 
DUSP27 8.995172 9.4099245 1.60382e-07 0.000878253 0.41 1.33 8.76756e-06 
TTC4 7.5101047 7.932221 1.6026e-07 0.000877746 0.42 1.34 8.84764e-06 
LOC679782 6.018814 6.509481 1.62242e-07 0.000888278 0.49 1.41 8.78315e-06 
PIP5K1B 7.609256 8.157251 1.66732e-07 0.000912688 0.55 1.46 8.93937e-06 
AHNAK 9.948292 10.303992 1.71311e-07 0.000937584 0.36 1.28 9.09742e-06 
GSTK1 10.585458 10.094704 1.82151e-07 0.000996733 -0.49 -1.41 9.58185e-06 
NMRAL1 7.9408636 8.509572 1.84479e-07 0.001009284 0.57 1.48 9.61359e-06 
LOC102556952 9.684808 9.118885 1.87902e-07 0.001027827 -0.57 -1.48 9.70134e-06 
LOC100359752 5.7425714 4.9283786 2.00673e-07 0.001097479 -0.81 -1.76 1.02656e-05 
ZFYVE26 7.9998803 8.450327 2.05843e-07 0.00112555 0.45 1.37 1.04344e-05 
ALDH1A1 6.226587 5.8359594 2.21223e-07 0.001209426 -0.39 -1.31 1.1113e-05 
KCNE1L 8.974249 8.311703 2.26063e-07 0.001235658 -0.66 -1.58 1.12547e-05 
CYB5R1 8.651947 9.075983 2.33298e-07 0.001274742 0.42 1.34 1.14111e-05 
CAR4 8.000295 9.035868 2.31374e-07 0.00126446 1.04 2.05 1.14172e-05 
GPR83 6.468145 7.210346 2.43168e-07 0.001328428 0.74 1.67 1.17905e-05 
ABCA4 6.6066904 6.1144514 2.45041e-07 0.001338412 -0.49 -1.41 1.17788e-05 
FRRS1 9.422919 9.012072 2.49748e-07 0.001363871 -0.41 -1.33 1.19025e-05 
ARHGEF5 7.756139 8.259307 2.79862e-07 0.001528047 0.50 1.42 1.32247e-05 
SPTAN1 10.989853 11.240639 3.10027e-07 0.001692435 0.25 1.19 1.4527e-05 
ZFP347 7.4468746 6.172405 3.13329e-07 0.00171015 -1.27 -2.42 1.45594e-05 
PCSK6 8.714376 8.329027 3.14062e-07 0.001713836 -0.39 -1.31 1.44728e-05 
TEP1 9.201345 9.581713 3.27991e-07 0.00178952 0.38 1.30 1.49908e-05 
CXADR 12.281618 11.799686 3.3356e-07 0.001819571 -0.48 -1.40 1.51214e-05 
ADAR 9.468182 9.84371 3.51328e-07 0.001916144 0.38 1.30 1.57984e-05 
FAM69B 9.0919 8.509503 3.5675e-07 0.001945356 -0.58 -1.50 1.59139e-05 
TMEM128 10.39341 10.0636 3.5729e-07 0.001947942 -0.33 -1.26 1.58115e-05 
FBXO38 9.230391 9.676544 3.7207e-07 0.002028153 0.45 1.36 1.63359e-05 
LRBA 9.197462 9.430483 3.95302e-07 0.002153606 0.23 1.18 1.69554e-05 
ZC3H7A 8.583909 8.909246 3.91439e-07 0.002132949 0.33 1.25 1.69199e-05 
ATP5G2 12.332418 12.146557 3.8686e-07 0.00210839 -0.19 -1.14 1.68526e-05 
PSMB9 7.369558 6.5544167 4.10909e-07 0.00223822 -0.82 -1.76 1.74903e-05 
BMP4 9.098457 8.2636175 4.15883e-07 0.002264897 -0.83 -1.78 1.75679e-05 
ENPP1 10.734014 10.369867 4.22291e-07 0.002299375 -0.36 -1.29 1.77045e-05 
RGD1563520 8.5837 8.310575 4.29635e-07 0.002338934 -0.27 -1.21 1.7878e-05 
LOC102547503 8.088159 8.456189 4.54424e-07 0.002473432 0.37 1.29 1.87694e-05 
TFAM 9.177491 8.893112 4.66194e-07 0.002537028 -0.28 -1.22 1.9114e-05 
NHEJ1 7.717357 7.38249 4.68384e-07 0.00254848 -0.33 -1.26 1.90636e-05 
GPRC5C 7.5913777 7.1553173 4.78859e-07 0.002604517 -0.44 -1.35 1.92095e-05 
FGF12 8.51943 8.124773 4.85306e-07 0.002639095 -0.39 -1.31 1.93291e-05 
FTH1 13.094779 13.307764 4.77368e-07 0.002596884 0.21 1.16 1.92884e-05 
LGALS1 12.6039715 12.280596 5.00467e-07 0.002721038 -0.32 -1.25 1.97915e-05 
STX4 9.802538 10.130008 5.1871e-07 0.00281919 0.33 1.25 2.02261e-05 
SUMO2L // SUMO2 10.948736 10.606075 5.17e-07 0.002810411 -0.34 -1.27 2.03013e-05 
LRRK2 8.650394 9.047719 5.32297e-07 0.002892503 0.40 1.32 2.06117e-05 
POP5 7.5790377 8.838769 5.43986e-07 0.002955475 1.26 2.39 2.09191e-05 
MNDA 7.4274006 6.746208 5.5075e-07 0.002991676 -0.68 -1.60 2.10341e-05 
MAP1A 7.865323 8.416617 5.59112e-07 0.003036536 0.55 1.47 2.12082e-05 
KCNT2 5.978503 6.6573806 5.66996e-07 0.003078787 0.68 1.60 2.13619e-05 
UBC // UBB 9.987602 10.940694 5.72734e-07 0.00310937 0.95 1.94 2.14333e-05 
TMCO4 7.517955 7.831277 5.93393e-07 0.003220936 0.31 1.24 2.20584e-05 
DNAJB2 9.803582 10.13983 6.31476e-07 0.003427019 0.34 1.26 2.33186e-05 
PRR16 9.480521 8.7231245 6.83732e-07 0.003709247 -0.76 -1.69 2.49182e-05 
B4GALT6 10.825698 11.051336 6.80534e-07 0.003692579 0.23 1.17 2.49649e-05 
TSPYL2 8.0020485 8.551863 6.92664e-07 0.00375701 0.55 1.46 2.50798e-05 
PIGN 9.28945 8.717175 7.39325e-07 0.004008621 -0.57 -1.49 2.64261e-05 
CDH13 11.195865 10.603629 7.35458e-07 0.003988391 -0.59 -1.51 2.64575e-05 
RMDN1 9.621505 9.123819 7.43546e-07 0.004030764 -0.50 -1.41 2.64077e-05 
HEXB 9.620882 9.093806 7.50801e-07 0.00406934 -0.53 -1.44 2.64966e-05 
GANC 8.834892 9.366109 7.5726e-07 0.00410359 0.53 1.45 2.65565e-05 
CCNE2 9.599725 9.044984 7.61692e-07 0.004125326 -0.55 -1.47 2.62173e-05 
PDPN 9.939703 9.546302 7.60303e-07 0.004118562 -0.39 -1.31 2.6332e-05 
TXLNB 11.232025 11.902616 7.57499e-07 0.004104131 0.67 1.59 2.63989e-05 
LOC100363068 // LOC100366030 6.9286118 7.317533 7.70558e-07 0.004172573 0.39 1.31 2.63597e-05 
FKBP8 10.1982765 10.456349 7.93702e-07 0.0042971 0.26 1.20 2.69859e-05 
CASP12 7.047124 6.5656447 8.02669e-07 0.004344846 -0.48 -1.40 2.71253e-05 
KTI12 9.868358 9.553316 8.55237e-07 0.004627686 -0.32 -1.24 2.85557e-05 
--- 11.252486 11.963654 8.50937e-07 0.004605271 0.71 1.64 2.85833e-05 
CDH8 5.0978575 5.721212 8.60718e-07 0.004656485 0.62 1.54 2.85676e-05 
CXXC4 8.243349 9.086365 8.70051e-07 0.004706108 0.84 1.79 2.87065e-05 
AXL 9.776362 9.377737 8.71853e-07 0.00471498 -0.40 -1.32 2.85968e-05 
TMEFF1 9.59609 9.905221 8.74586e-07 0.004728886 0.31 1.24 2.85187e-05 
MTR 8.96826 9.250707 9.12304e-07 0.004931003 0.28 1.22 2.94047e-05 
SERPINB6 8.282796 8.752407 9.07523e-07 0.004906069 0.47 1.38 2.94206e-05 
RALY 10.858049 11.049502 9.31665e-07 0.005034719 0.19 1.14 2.98561e-05 
HEY2 10.683478 11.292837 1.00409e-06 0.005425104 0.61 1.53 3.19932e-05 
RNF39 7.4675775 7.810063 1.02414e-06 0.00553239 0.34 1.27 3.24465e-05 
MED12L 8.62088 8.35144 1.08449e-06 0.005857312 -0.27 -1.21 3.41644e-05 
PLEC 9.166965 9.526959 1.10555e-06 0.005969949 0.36 1.28 3.46322e-05 
PLSCR1 7.537378 7.033655 1.10721e-06 0.00597785 -0.50 -1.42 3.44907e-05 
SHISA4 11.893019 11.555631 1.12577e-06 0.006076896 -0.34 -1.26 3.48738e-05 
CLIC5 11.642771 11.234562 1.13722e-06 0.006136422 -0.41 -1.33 3.48413e-05 
--- 8.899417 8.53726 1.13231e-06 0.006111102 -0.36 -1.29 3.48828e-05 
 300 
L3HYPDH 8.507028 9.11861 1.15386e-06 0.006225067 0.61 1.53 3.5158e-05 
AARSD1 9.976402 9.162762 1.16194e-06 0.006267494 -0.81 -1.76 3.52118e-05 
ROBO1 9.076901 8.706955 1.17792e-06 0.006351338 -0.37 -1.29 3.53122e-05 
EFNB3 10.373609 10.61911 1.16967e-06 0.006308006 0.25 1.19 3.52544e-05 
PTPRS 10.517834 10.782505 1.20174e-06 0.006477353 0.26 1.20 3.5643e-05 
DDC 11.162795 11.558553 1.20296e-06 0.006482774 0.40 1.32 3.54906e-05 
EMP2 12.255113 11.55123 1.20841e-06 0.006509724 -0.70 -1.63 3.52781e-05 
TRAP1 10.055343 10.368059 1.23341e-06 0.006643139 0.31 1.24 3.58202e-05 
--- 8.336813 8.024829 1.19421e-06 0.006438009 -0.31 -1.24 3.56093e-05 
GNG5 11.298296 11.04755 1.20665e-06 0.006501449 -0.25 -1.19 3.54121e-05 
SBF1 9.2203245 9.412195 1.25605e-06 0.006763835 0.19 1.14 3.62888e-05 
CPVL 5.7491837 5.0207815 1.2782e-06 0.00688185 -0.73 -1.66 3.67385e-05 
AQP3 7.003215 7.521612 1.3304e-06 0.007161543 0.52 1.43 3.80426e-05 
CYP2U1 8.623629 8.338781 1.33423e-06 0.007180848 -0.28 -1.22 3.79576e-05 
NPDC1 9.2741585 9.602981 1.39502e-06 0.007505207 0.33 1.26 3.9286e-05 
MGC95208 10.038619 9.385269 1.39233e-06 0.007492153 -0.65 -1.57 3.94094e-05 
NCF1 7.284493 7.7364435 1.41983e-06 0.007634414 0.45 1.37 3.93879e-05 
CCNDBP1 8.286767 8.810909 1.42402e-06 0.007655532 0.52 1.44 3.93086e-05 
RGD1304622 8.34845 8.677412 1.41956e-06 0.007634396 0.33 1.26 3.95773e-05 
SECISBP2 9.0667305 9.378356 1.43256e-06 0.007700033 0.31 1.24 3.93497e-05 
ATP1A3 11.609556 11.303005 1.48433e-06 0.007976796 -0.31 -1.24 4.05717e-05 
HUWE1 10.941788 11.076502 1.39513e-06 0.007504406 0.13 1.10 3.90917e-05 
REXO4 8.505271 9.151595 1.51987e-06 0.008166263 0.65 1.57 4.13405e-05 
RGS6 9.459798 8.828024 1.53267e-06 0.008233491 -0.63 -1.55 4.14862e-05 
PIEZO2 6.8544083 7.3433614 1.55329e-06 0.008341168 0.49 1.40 4.16401e-05 
RGD1562629 9.616231 9.984305 1.54517e-06 0.008299125 0.37 1.29 4.16226e-05 
DNAJA4 8.41282 9.005888 1.57453e-06 0.008453667 0.59 1.51 4.20076e-05 
HMGCR 9.069134 9.470068 1.59194e-06 0.008545521 0.40 1.32 4.22697e-05 
CABP1 6.6864886 7.2136507 1.60987e-06 0.008640191 0.53 1.44 4.25434e-05 
GSAP 7.459058 7.856672 1.64827e-06 0.008844641 0.40 1.32 4.33527e-05 
CEP131 7.4335155 7.8146214 1.6517e-06 0.008861355 0.38 1.30 4.32388e-05 
--- 12.839517 12.51166 1.67867e-06 0.009004411 -0.33 -1.26 4.37397e-05 
NEK6 9.219949 8.805928 1.72062e-06 0.009227682 -0.41 -1.33 4.46241e-05 
RGD1309762 9.485391 9.718946 1.72811e-06 0.0092661 0.23 1.18 4.46107e-05 
GSTT1 7.3884764 7.6968374 1.75336e-06 0.009399755 0.31 1.24 4.5054e-05 
--- 8.501139 9.594768 1.77636e-06 0.009521293 1.09 2.13 4.54357e-05 
RAVER2 8.3699465 8.039405 1.78142e-06 0.009546607 -0.33 -1.26 4.5357e-05 
NAT8B 6.8123884 7.4142914 1.80569e-06 0.009674861 0.60 1.52 4.57659e-05 
RFK 9.93878 9.444959 1.8206e-06 0.009751143 -0.49 -1.41 4.57283e-05 
SMOC2 9.193543 8.626399 1.81973e-06 0.009748288 -0.57 -1.48 4.59132e-05 
SEC31B 7.931714 8.208437 1.85213e-06 0.009918154 0.28 1.21 4.63115e-05 
--- 8.650421 8.851234 1.88691e-06 0.010102511 0.20 1.15 4.69706e-05 
GRTP1 // ADPRHL1 9.016716 9.8722105 1.93052e-06 0.01033405 0.86 1.81 4.78425e-05 
MGC94199 9.202948 8.760494 2.04551e-06 0.010947569 -0.44 -1.36 5.0468e-05 
--- 10.569607 11.114339 2.05738e-06 0.011006975 0.54 1.46 5.03155e-05 
SLC4A3 9.815681 10.087724 2.05438e-06 0.010992972 0.27 1.21 5.04635e-05 
MREG 6.8757944 6.5752563 2.07237e-06 0.011085117 -0.30 -1.23 5.04609e-05 
SMU1 9.638313 9.325854 2.09996e-06 0.011230574 -0.31 -1.24 5.09103e-05 
CHD3 8.557723 8.879269 2.13862e-06 0.011435195 0.32 1.25 5.16231e-05 
PTGR1 10.239323 9.74343 2.17479e-06 0.011624233 -0.50 -1.41 5.20455e-05 
RSBN1L 9.997884 9.670123 2.16467e-06 0.01157233 -0.33 -1.26 5.20267e-05 
PKIA 12.507007 11.851223 2.19212e-06 0.011714683 -0.66 -1.58 5.22361e-05 
PTGS1 8.420929 7.905078 2.22172e-06 0.011870629 -0.52 -1.43 5.27161e-05 
MGC95208 10.0343685 9.388945 2.28821e-06 0.012223613 -0.65 -1.56 5.40638e-05 
DOK5 9.828021 8.88088 2.3044e-06 0.012307776 -0.95 -1.93 5.42165e-05 
AEBP1 8.4291525 8.96595 2.32368e-06 0.012408475 0.54 1.45 5.44406e-05 
PLEKHA2 8.274767 7.79049 2.35827e-06 0.012590791 -0.48 -1.40 5.50197e-05 
--- 8.950853 8.226176 2.40471e-06 0.01283632 -0.72 -1.65 5.58693e-05 
TMEM69 9.887997 9.498558 2.41624e-06 0.012895472 -0.39 -1.31 5.59044e-05 
PGAM2 10.370867 9.807898 2.43485e-06 0.01299234 -0.56 -1.48 5.61021e-05 
ANKRD13C 10.055878 9.73387 2.46588e-06 0.013153001 -0.32 -1.25 5.63514e-05 
USP19 10.352113 10.544347 2.45102e-06 0.013076179 0.19 1.14 5.62423e-05 
PMPCB 11.152014 10.900461 2.55835e-06 0.013643662 -0.25 -1.19 5.82259e-05 
OBSCN 7.6457367 7.861764 2.60556e-06 0.013892851 0.22 1.16 5.90594e-05 
CHID1 // LOC100911881 9.537397 8.706803 2.61414e-06 0.013935969 -0.83 -1.78 5.90139e-05 
ZFP9 8.321533 8.630175 2.6169e-06 0.013948084 0.31 1.24 5.88381e-05 
FAM86A 7.0312347 7.361878 2.7329e-06 0.014563615 0.33 1.26 6.11994e-05 
CKM 12.950574 13.195189 2.81221e-06 0.014972179 0.24 1.18 6.17357e-05 
RFK 9.784255 9.301546 2.78261e-06 0.014822947 -0.48 -1.40 6.1816e-05 
PLA2R1 7.3311515 7.7774863 2.7896e-06 0.014857383 0.45 1.36 6.17253e-05 
CD300LE 7.21861 7.800131 2.7955e-06 0.014886011 0.58 1.50 6.16114e-05 
PITPNC1 10.650862 11.036202 2.77878e-06 0.014805338 0.39 1.31 6.19779e-05 
LIN52 9.209464 8.813429 2.94144e-06 0.0156573 -0.40 -1.32 6.43196e-05 
PHLDB1 9.056801 9.41039 2.94934e-06 0.015696399 0.35 1.28 6.42404e-05 
KRTAP1-1 8.172356 7.6177235 2.95441e-06 0.01572042 -0.55 -1.47 6.41004e-05 
AGPAT9 8.153709 7.736564 2.98239e-06 0.01586631 -0.42 -1.34 6.44566e-05 
EPS15 10.0009365 9.585975 3.05395e-06 0.016243957 -0.41 -1.33 6.57484e-05 
SLC38A2 12.115494 11.858383 3.15845e-06 0.016796652 -0.26 -1.20 6.77367e-05 
--- 8.357222 9.100455 3.23661e-06 0.017205799 0.74 1.67 6.88829e-05 
OTUD6B 8.934559 8.373528 3.23649e-06 0.017208422 -0.56 -1.48 6.91443e-05 
--- 8.182553 7.3806753 3.25931e-06 0.017323218 -0.80 -1.74 6.91023e-05 
SDCBP 11.9429 11.752996 3.34518e-06 0.017769596 -0.19 -1.14 7.0123e-05 
TM4SF1 10.745158 10.302971 3.31177e-06 0.017598754 -0.44 -1.36 6.99486e-05 
GNG5 11.238813 10.989863 3.38187e-06 0.017957747 -0.25 -1.19 7.03632e-05 
FHOD3 10.944496 11.30879 3.33942e-06 0.01774233 0.36 1.29 7.02664e-05 
GDAP2 9.558214 9.05906 3.36368e-06 0.017864512 -0.50 -1.41 7.02468e-05 
CHRM2 12.240865 11.957476 3.41546e-06 0.018125871 -0.28 -1.22 7.02754e-05 
KIF16B 7.723445 8.173714 3.40645e-06 0.018084865 0.45 1.37 7.06111e-05 
POLB 10.095514 9.632892 3.4496e-06 0.018303577 -0.46 -1.38 7.07168e-05 
SART1 8.644193 8.929064 3.41324e-06 0.018117493 0.28 1.22 7.04898e-05 
MGC95208 9.778639 9.040499 3.45161e-06 0.018310815 -0.74 -1.67 7.04989e-05 
KTN1 9.61356 9.844773 3.57627e-06 0.018968541 0.23 1.17 7.27784e-05 
DNM2 10.192424 10.408317 3.57856e-06 0.018977106 0.22 1.16 7.25602e-05 
TNFRSF11B 8.243535 8.84753 3.72719e-06 0.01976158 0.60 1.52 7.53001e-05 
ADORA2A 8.719325 8.437577 3.8023e-06 0.02015599 -0.28 -1.22 7.65402e-05 
BDH1 8.590538 7.9280624 3.867e-06 0.020491224 -0.66 -1.58 7.72845e-05 
RFK 9.74449 9.284327 3.86304e-06 0.020474123 -0.46 -1.38 7.74832e-05 
 301 
SIVA1 9.969574 9.575505 3.87135e-06 0.020510422 -0.39 -1.31 7.70952e-05 
RAB6B 8.14233 7.892232 3.92145e-06 0.020771941 -0.25 -1.19 7.7815e-05 
MRPL35 11.561067 11.077885 3.93921e-06 0.02086207 -0.48 -1.40 7.78903e-05 
CORO1A 6.7785964 7.1284494 3.94277e-06 0.02087695 0.35 1.27 7.7685e-05 
CYP2D4 7.5478263 7.166066 4.02726e-06 0.0213203 -0.38 -1.30 7.90704e-05 
CEP68 9.519478 9.231849 4.14069e-06 0.021912517 -0.29 -1.22 8.07289e-05 
--- 13.339817 13.0172825 4.071e-06 0.021547787 -0.32 -1.25 7.96487e-05 
FAM212B 8.367741 9.205549 4.15763e-06 0.021998009 0.84 1.79 8.07768e-05 
GPATCH8 10.488186 10.744874 4.18028e-06 0.022113686 0.26 1.19 8.09349e-05 
--- 9.4177475 8.870866 4.18952e-06 0.022158368 -0.55 -1.46 8.08331e-05 
MAN2C1 8.6315 8.893801 4.26422e-06 0.022536399 0.26 1.20 8.11512e-05 
ENOX1 6.964547 7.226678 4.19602e-06 0.022188567 0.26 1.20 8.06794e-05 
LOC691984 10.619924 10.158381 4.22138e-06 0.022318427 -0.46 -1.38 8.0888e-05 
MKKS 8.261348 7.4468846 4.24315e-06 0.022429287 -0.81 -1.76 8.10267e-05 
SMAD6 9.425645 8.966252 4.27022e-06 0.022563841 -0.46 -1.37 8.09889e-05 
LOC362473 8.603811 8.332296 4.32013e-06 0.022818945 -0.27 -1.21 8.1382e-05 
UGP2 10.979819 10.600776 4.30103e-06 0.022722343 -0.38 -1.30 8.12968e-05 
ABI2 10.578308 10.446793 4.47177e-06 0.023601983 -0.13 -1.10 8.31152e-05 
DAD1 12.921934 12.609495 4.39398e-06 0.023204584 -0.31 -1.24 8.24943e-05 
APTX 7.9801397 8.257478 4.40144e-06 0.023239618 0.28 1.21 8.23572e-05 
ZBTB20 10.533804 10.914378 4.47154e-06 0.023605283 0.38 1.30 8.33891e-05 
RPL18A 14.112875 13.878228 4.65803e-06 0.024561765 -0.23 -1.18 8.51579e-05 
--- 8.324555 8.978979 4.58902e-06 0.024216278 0.65 1.57 8.50113e-05 
PNPLA7 6.94256 7.256236 4.63242e-06 0.024436023 0.31 1.24 8.52488e-05 
CLIP4 9.791122 10.086023 4.64517e-06 0.024498617 0.29 1.23 8.52022e-05 
--- 9.951446 9.478404 4.62705e-06 0.024412323 -0.47 -1.39 8.54319e-05 
USP28 11.001574 11.216868 4.71098e-06 0.024836281 0.22 1.16 8.58445e-05 
--- 5.8352356 6.382933 4.7253e-06 0.02490707 0.55 1.46 8.5825e-05 
PAQR6 9.057886 9.386772 4.76314e-06 0.025096986 0.33 1.26 8.59523e-05 
CLDN5 8.401675 8.799938 4.76631e-06 0.02510893 0.40 1.32 8.57321e-05 
CHKB 9.276296 9.635205 4.76004e-06 0.0250854 0.36 1.28 8.61752e-05 
SLC29A1 9.54471 9.20396 4.85809e-06 0.025577858 -0.34 -1.27 8.65455e-05 
--- 8.595697 8.988401 4.80934e-06 0.025330769 0.39 1.31 8.62278e-05 
--- 9.709048 9.146276 4.83838e-06 0.025478924 -0.56 -1.48 8.64706e-05 
--- 7.891321 7.5187845 4.86054e-06 0.025585856 -0.37 -1.29 8.63132e-05 
HAGHL 7.278512 6.8420243 4.90432e-06 0.025811417 -0.44 -1.35 8.68142e-05 
OARD1 8.60316 8.03263 4.91205e-06 0.025847204 -0.57 -1.49 8.66759e-05 
CCNE1 9.296179 8.694505 4.91351e-06 0.025849994 -0.60 -1.52 8.64282e-05 
--- 7.122856 7.6282897 4.92101e-06 0.025884487 0.51 1.42 8.62878e-05 
PRRG4 9.301516 8.6408205 4.93413e-06 0.025948593 -0.66 -1.58 8.62468e-05 
ACOX2 5.9197044 6.5693045 4.94288e-06 0.025989674 0.65 1.57 8.61297e-05 
ANXA5 11.4700165 11.147112 5.00462e-06 0.026309285 -0.32 -1.25 8.69338e-05 
TANK 9.519432 9.030318 5.05469e-06 0.026562413 -0.49 -1.40 8.726e-05 
TRAM1 11.272929 10.954574 5.10478e-06 0.026815433 -0.32 -1.25 8.75824e-05 
ABCA2 8.226239 8.458478 5.05067e-06 0.026546305 0.23 1.17 8.74612e-05 
MCMDC2 6.532307 7.1937537 5.09112e-06 0.02674872 0.66 1.58 8.76175e-05 
LOC102556096 6.5520515 6.122532 5.14651e-06 0.027024336 -0.43 -1.35 8.77583e-05 
CLTA 10.365583 10.588079 5.10917e-06 0.026833335 0.22 1.17 8.73887e-05 
--- 9.346304 10.19054 5.18432e-06 0.027212484 0.84 1.80 8.78655e-05 
SNX1 8.261715 8.564158 5.18045e-06 0.027197381 0.30 1.23 8.80677e-05 
LRSAM1 7.4748216 7.943546 5.26844e-06 0.027643496 0.47 1.38 8.87517e-05 
MCM2 10.46542 10.073568 5.25564e-06 0.027581573 -0.39 -1.31 8.88043e-05 
--- 10.817695 10.318726 5.36682e-06 0.028154343 -0.50 -1.41 9.01367e-05 
DHFR 7.7850294 7.3539295 5.50541e-06 0.02887588 -0.43 -1.35 9.21867e-05 
MOCS2 8.502102 8.910984 5.54632e-06 0.02908488 0.41 1.33 9.25936e-05 
WNK3 6.2169447 5.833446 5.5534e-06 0.029116493 -0.38 -1.30 9.24352e-05 
NDUFAB1 12.545857 12.425858 5.55697e-06 0.029129632 -0.12 -1.09 9.22192e-05 
AKR1C14 7.6766896 8.716731 5.77866e-06 0.030285966 1.04 2.06 9.56137e-05 
MAPK8 10.16701 9.738748 5.78578e-06 0.030317461 -0.43 -1.35 9.54482e-05 
--- 7.3292317 7.603502 5.8169e-06 0.030474743 0.27 1.21 9.56786e-05 
--- 6.9480133 4.929379 5.82427e-06 0.030507524 -2.02 -4.05 9.5518e-05 
LOC100909889 9.291128 9.577254 5.96099e-06 0.0311998 0.29 1.22 9.66234e-05 
RERG 9.993932 9.68336 5.83604e-06 0.030563358 -0.31 -1.24 9.54304e-05 
DCLK2 8.091287 7.6523476 5.91812e-06 0.030987289 -0.44 -1.36 9.64896e-05 
ECHS1 11.102609 10.723006 5.94387e-06 0.031116165 -0.38 -1.30 9.66269e-05 
MRPS21 12.398793 12.238851 6.17565e-06 0.032298643 -0.16 -1.12 9.89524e-05 
TMEM119 7.7968674 7.409388 6.06169e-06 0.031720802 -0.39 -1.31 9.79709e-05 
RAB3GAP2 8.565571 8.7176895 6.14572e-06 0.03214825 0.15 1.11 9.87565e-05 
MPP5 8.799564 8.460074 6.13537e-06 0.032100234 -0.34 -1.27 9.88752e-05 
GRTP1 // ADPRHL1 9.121112 9.887505 6.22588e-06 0.032555144 0.77 1.70 9.94714e-05 
NUMA1 8.326563 8.753159 6.29307e-06 0.032893885 0.43 1.34 9.9972e-05 
LOC691920 8.473736 8.897824 6.3033e-06 0.032941017 0.42 1.34 9.98499e-05 
MTHFD2 9.361395 8.805 6.33404e-06 0.033095382 -0.56 -1.47 0.000100053 
ZDHHC2 11.288554 11.040623 6.39972e-06 0.033432115 -0.25 -1.19 0.000100805 
STK39 10.830381 11.067614 6.28738e-06 0.032870416 0.24 1.18 0.000100167 
LAMA3 6.353171 6.6259003 6.44265e-06 0.033649944 0.27 1.21 0.000101195 
RUNDC1 8.592049 8.990171 6.48607e-06 0.033870243 0.40 1.32 0.000101591 
CTNNAL1 9.67745 9.205119 6.49706e-06 0.033921164 -0.47 -1.39 0.000101478 
ATP13A1 9.0576935 9.239849 6.51444e-06 0.034005377 0.18 1.13 0.000101465 
CTSD 10.725613 11.050523 6.72205e-06 0.035055477 0.32 1.25 0.000103257 
RMI1 9.7633505 9.524961 6.67848e-06 0.034841653 -0.24 -1.18 0.000103156 
MYCBP 9.800256 9.409725 6.59756e-06 0.034432653 -0.39 -1.31 0.000102473 
B3GALNT2 9.874722 9.561645 6.66715e-06 0.034789164 -0.31 -1.24 0.000103267 
TMA7 9.915775 9.613102 6.82495e-06 0.035571635 -0.30 -1.23 0.000103978 
SPTBN1 12.755796 12.876878 6.69951e-06 0.034944635 0.12 1.09 0.000103195 
CNTF 7.8299513 8.091109 6.7485e-06 0.035179935 0.26 1.20 0.000103095 
MED12 10.110693 10.294352 6.72232e-06 0.03505016 0.18 1.14 0.000102977 
PACSIN2 11.3127165 11.001823 6.88756e-06 0.035884187 -0.31 -1.24 0.000104362 
GTF2A1 10.350855 10.110425 6.89958e-06 0.035939895 -0.24 -1.18 0.00010426 
ZC3H13 8.946105 9.319051 6.90636e-06 0.03596834 0.37 1.29 0.000104081 
PRKCB 6.4168577 6.621119 6.8812e-06 0.035857957 0.20 1.15 0.000104549 
OBSCN 11.478647 11.9389925 7.12951e-06 0.037123356 0.46 1.38 0.000107154 
FCNB 7.7322593 8.062042 7.22123e-06 0.03758648 0.33 1.26 0.000107951 
--- 7.6482983 7.266083 7.21293e-06 0.037550505 -0.38 -1.30 0.000108116 
SNX1 8.787007 9.103197 7.22709e-06 0.03760979 0.32 1.25 0.000107749 
CLCN1 6.985566 7.2458644 7.33259e-06 0.038122147 0.26 1.20 0.00010788 
ASNA1 11.516589 11.285266 7.27685e-06 0.03785415 -0.23 -1.17 0.000107914 
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DST 10.2210655 10.510596 7.26267e-06 0.037787654 0.29 1.22 0.000107991 
PREX2 8.738749 9.112734 7.31858e-06 0.0380566 0.37 1.30 0.000107959 
LOC102556724 5.1297026 5.440879 7.31771e-06 0.038059402 0.31 1.24 0.000108232 
AIG1 8.916167 8.634772 7.37829e-06 0.038352344 -0.28 -1.22 0.000108267 
SYNE2 8.986337 9.449789 7.44936e-06 0.03871432 0.46 1.38 0.000109023 
ATP7B 7.346892 7.652193 7.46551e-06 0.03879081 0.31 1.24 0.000108973 
FAM84B 6.586463 6.9728117 7.57949e-06 0.03937544 0.39 1.31 0.000110348 
OASL2 6.7115088 6.057865 7.59671e-06 0.039457314 -0.65 -1.57 0.000110311 
EEF1A2 11.602474 11.931812 7.71342e-06 0.040048096 0.33 1.26 0.000111425 
TRMT10C 8.730776 8.292305 7.65611e-06 0.039758172 -0.44 -1.36 0.000110884 
SLC11A1 7.1023316 6.4565306 7.71723e-06 0.040052406 -0.65 -1.56 0.000110905 
--- 4.18563 4.7282224 7.71527e-06 0.040049978 0.54 1.46 0.000111164 
CACNA1H 10.404476 10.836242 7.7303e-06 0.0401125 0.43 1.35 0.000110808 
--- 6.324403 6.970513 7.78919e-06 0.040402513 0.65 1.56 0.000111081 
--- 6.9279666 6.4173403 7.7906e-06 0.040402066 -0.51 -1.42 0.000110817 
CDK10 8.623921 8.8797035 7.78904e-06 0.04040956 0.26 1.19 0.000111363 
--- 9.206145 9.605152 7.86333e-06 0.040771373 0.40 1.32 0.000111567 
IFNAR1 10.00901 10.310453 7.93887e-06 0.04115512 0.30 1.23 0.000112353 
LOC687130 6.267531 6.7928567 8.02586e-06 0.04158999 0.53 1.44 0.000113011 
PAXBP1 9.988528 10.53877 8.02875e-06 0.041596975 0.55 1.46 0.000112767 
MSL1 9.604616 9.856311 8.15688e-06 0.042236313 0.25 1.19 0.000113707 
MYOM2 10.76655 10.299195 8.09928e-06 0.041946176 -0.47 -1.38 0.000113187 
HIP1R 7.752314 8.136673 8.09052e-06 0.041908886 0.38 1.31 0.000113349 
TNIK 9.265636 9.555519 8.01028e-06 0.041517273 0.29 1.22 0.000113077 
ST3GAL3 9.297163 9.105125 8.23373e-06 0.04260954 -0.19 -1.14 0.000113924 
PDE8B 5.9709115 6.3113065 8.18385e-06 0.0423596 0.34 1.27 0.000113515 
MED6 9.294383 9.003771 8.16296e-06 0.04225965 -0.29 -1.22 0.000113508 
CHEK1 9.077647 8.416396 8.24477e-06 0.04265846 -0.66 -1.58 0.000113794 
ALDH1A7 5.1550493 4.5415287 8.24699e-06 0.042661678 -0.61 -1.53 0.000113544 
LOC100362798 6.7219863 6.473007 8.3316e-06 0.04309106 -0.25 -1.19 0.000114426 
--- 10.284097 9.959633 8.46461e-06 0.043762054 -0.32 -1.25 0.000115683 
SON 11.082533 11.346085 8.35318e-06 0.043194313 0.26 1.20 0.000114441 
PRELP 9.24967 8.702537 8.55087e-06 0.044190902 -0.55 -1.46 0.000116292 
NRBP2 10.106756 10.476383 8.54659e-06 0.044177316 0.37 1.29 0.000116518 
EPHB2 7.7312303 7.311424 8.59802e-06 0.044425957 -0.42 -1.34 0.000116649 
FZD5 9.225944 8.903835 8.69584e-06 0.044922724 -0.32 -1.25 0.000117689 
MMP23 8.401291 8.033065 8.76612e-06 0.045276996 -0.37 -1.29 0.000118353 
PHLDA3 9.956608 9.496613 8.80617e-06 0.045475077 -0.46 -1.38 0.000118607 
MAGI1 10.002075 10.353765 8.90442e-06 0.045955736 0.35 1.28 0.000119067 
OBSCN 9.210903 9.690162 8.87382e-06 0.045815554 0.48 1.39 0.00011923 
--- 7.6702113 8.415946 8.89903e-06 0.0459368 0.75 1.68 0.000119281 
ZIM1 8.6977215 8.317209 8.96431e-06 0.04625584 -0.38 -1.30 0.000119581 
GNA13 9.518843 9.144538 9.01133e-06 0.046489473 -0.37 -1.30 0.000119922 
LIPE 9.612112 9.981039 9.23006e-06 0.04760867 0.37 1.29 0.00012254 
TPMT 9.968546 9.547865 9.29439e-06 0.04793117 -0.42 -1.34 0.000123101 
--- 6.9619646 6.199332 9.31056e-06 0.048005216 -0.76 -1.70 0.000123023 
TMEM234 7.8900356 7.4071064 9.39058e-06 0.048399054 -0.48 -1.40 0.000123495 
SNRNP200 10.114379 10.292011 9.36763e-06 0.048290107 0.18 1.13 0.000123484 
SNRK 9.665357 10.199335 9.45455e-06 0.04870986 0.53 1.45 0.000123753 
FAM160B1 8.523586 8.761865 9.43873e-06 0.048637778 0.24 1.18 0.000123836 
MTMR9 9.742512 9.496649 9.68937e-06 0.049909946 -0.25 -1.19 0.000126529 
 
Table S7.1: Potential target genes of miR-34a in the microarray 
Source Confidence Gene ID Symbol Exp Fold Change 
TargetScan Human High (predicted) NM_001013147 AXL -1.320 
TargetScan Human High (predicted) NM_001007746 C8orf37 -1.360 
TargetScan Human High (predicted) NM_175592 CACNA2D2 -1.520 
TargetScan Human High (predicted) NM_001108656 CCNE2 -1.470 
TargetScan Human Moderate (predicted) NM_138889 CDH13 -1.510 
TargetScan Human Moderate (predicted) NM_053603 CLIC5 -1.330 
TargetScan Human Moderate (predicted) NM_001100980 EFNB3 1.190 
TargetScan Human Moderate (predicted) NM_001127319 EPHB2 -1.340 
TargetScan Human High (predicted) NM_001107713 FAM212B 1.790 
TargetScan Human High (predicted) NM_017254 HTR2A -3.180 
TargetScan Human High (predicted) NM_030995 MAP1A 1.470 
TargetScan Human Moderate (predicted) NM_001024340 MCMDC2 1.580 
TargetScan Human High (predicted) NM_001005761 MTMR9 -1.190 
TargetScan Human High (predicted) NM_001191782 NAV3 1.530 
TargetScan Human Moderate (predicted) NM_031350 PEX3 -2.360 
TargetScan Human High (predicted) NM_053772 PKIA -1.580 
TargetScan Human Moderate (predicted) NM_001172305 PRKCB 1.150 
TargetScan Human Moderate (predicted) NM_019342 RGS6 -1.550 
TargetScan Human High (predicted) ENSRNOT00000006913 SGPP1 -1.580 
TargetScan Human High (predicted) NM_145723 STX17 -1.410 
TargetScan Human Moderate (predicted) NM_023020 TMEFF1 1.240 
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Table S7.2 Table: Potential target genes of miR-351 in the microarray 
Source Confidence Gene ID Symbol Exp Fold Change 
TargetScan Human High (predicted) NM_053922 ACACB 1.430 
TargetScan Human High (predicted) NM_001107239 ADCY1 1.500 
TargetScan Human High (predicted) NM_133556 ATP5G2 -1.140 
TargetScan Human High (predicted) NM_001144851 B3GALNT2 -1.240 
TargetScan Human High (predicted) NM_031740 B4GALT6 1.170 
TargetScan Human High (predicted) NM_053995 BDH1 -1.580 
TargetScan Human Moderate (predicted) XM_001059836 CEP68 -1.220 
TargetScan Human Moderate (predicted) NM_001025411 DNAJA4 1.510 
TargetScan Human High (predicted) NM_053535 ENPP1 -1.290 
TargetScan Human High (predicted) NM_001145840 GANC 1.450 
TargetScan Human High (predicted) XM_002725130 GPC6 -1.380 
TargetScan Human Moderate (predicted) NM_001134763 HIP1R 1.310 
TargetScan Human Moderate (predicted) NM_013134 HMGCR 1.320 
TargetScan Human Moderate (predicted) NM_030842 ITGA7 1.880 
TargetScan Human High (predicted) ENSRNOT00000000737 LAMA4 1.280 
TargetScan Human High (predicted) NM_001107048 MSL1 1.190 
TargetScan Human High (predicted) NM_001014082 NCLN 1.450 
TargetScan Human Moderate (predicted) NM_017174 PLA2G5 -1.710 
TargetScan Human Moderate (predicted) NM_012708 PSMB9 -1.760 
TargetScan Human High (predicted) NM_001108775 RAB6B -1.190 
TargetScan Human High (predicted) NM_019342 RGS6 -1.550 
TargetScan Human Moderate (predicted) NM_001135713 SEC31B 1.210 
TargetScan Human Moderate (predicted) NM_024002 SECISBP2 1.240 
TargetScan Human Moderate (predicted) NM_001170471 ZC3H13 1.290 
 
Table S7.3 Table: Potential target genes of miR-490* in the microarray 
Source  Confidence Gene ID Symbol Exp Fold Change 
TargetScan Human High (predicted) NM_001007746 C8orf37 -1.360 
TargetScan Human Moderate (predicted) NM_001013942 CLIP4 1.230 
TargetScan Human Moderate (predicted) NM_053570 CXADR -1.400 
TargetScan Human Moderate (predicted) NM_001145840 GANC 1.450 
TargetScan Human Moderate (predicted) XM_002724546 KRTAP1-5 -1.470 
TargetScan Human Moderate (predicted) NM_001107833 LRSAM1 1.380 
TargetScan Human Moderate (predicted) XM_001057305 PAXBP1 1.460 
TargetScan Human High (predicted) NM_199268 PDE8B 1.270 
TargetScan Human Moderate (predicted) NM_053385 PRELP -1.460 
TargetScan Human Moderate (predicted) NM_022188 ROBO1 -1.290 
TargetScan Human Moderate (predicted) ENSRNOT00000006913 SGPP1 -1.580 
TargetScan Human Moderate (predicted) NM_145096 ZDHHC2 -1.190 
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Fig S1: Raw Ct values from RT-PCR of h9C2-1 transfected with mimics and 
inhibitors 
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